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Preface

This book focuses on the food supply chain, especially in lesser developed countries
where supply chain problems and issues in the agribusiness sector are most dramatic.
However, the lessons learned from this book are pertinent to any aspect of the supply
chain and to any country whether it is fully developed or not. The chapters cover
many aspects of the supply chain or the value chain of agribusiness, ranging from
global trends to food production.

In Chapter 1, “Theoretical Underpinnings of Value Chain Analysis”, Mengistie Mossie
Birhanu sets the stage for the rest of the text by examining the basic concepts of the
supply chain. The chapter collects important secondary data to corroborate facts and to
understand key issues pertinent to relevant theories. In Chapter 2, “The Importance of
Short Food Supply Chain: Examining Logistics Strategies for Competitive Advantage
and Sustainability”, Chris Dominic writes more generally about the supply chain and
the importance of logistic strategies. In Chapter 3, “Trends Shaping the Future of
Agrifood”, John Stanton and Rosa Caiazza write about trends shaping the future of

the agribusiness supply chain. In Chapter 4, “Technology Promotion and Scaling in
Support of Commodity Value Chain Development in Africa”, Paul L. Woomer et al.
discuss technology promotion and scaling in support of commodity value chain
development in Africa.

Speaking of Africa, developing countries and supply chains are another key element of
this book. It is important to note that in many countries around the world, wet markets
or rural food stores dominate the retail market. In some countries, only 14% to 20%

of all food sales are from modern markets. In Chapter 5, “Value Chain Analysis of the
Street Food Enterprises in the Rural Towns of Vhembe District, Limpopo Province”,
Tjale C. Mahopo et al. present a value chain analysis of street food enterprises in the
rural towns of the Vhembe District, Limpopo Province. While their analysis focuses
on two towns, the lessons learned go beyond those two places.

Not all the chapters are about supply chains and retailers. In Chapter 6, “Reducing
Inequalities in the Coffee Value Chain: Threats and Opportunities for Small-Scale
Farmers in Central America and East Africa”, Ingrid Fromm writes about the value
chain and small-scale farmers. This topic is very pertinent, as local products are more
and more valued, but unless the supply chain can bring these products to market it will
not be a successful venture. In Chapter 7, “Value Chain Implementation in Rural-Scale
Integrated Coconut Farming System in North Sulawesi Province, Indonesia”, Agustinus
N. Kairupan et al. discuss issues with farms and their value chain implementation

in the rural-scale, integrated coconut farming system in North Sulawesi Province,
Indonesia.

Finally, two of the chapters go back to food itself. In Chapter 8, “Are There Adequate
Incentives for Research and Innovation in the Plant Breeding Supply Chain?”, Predrag
Rajsic et al. write about the need for research and innovation in plant breeding in the



supply chain of new and innovative products. In Chapter 9, “Circular Business Models
and Global Value Chains: The Case of MagProtein”, Natalie Beinisch looks back even
further to metaproteins with global value chain research focused on the governance
of diffuse modes of production and trade that travel in a single direction; however,
circular economy business models are by definition closed economic systems in which
it is possible for two parties to act as both buyers and sellers.

John Stanton
Saint Joseph’s University,
Philadelphia, Pennsylvania, USA

Rosa Caiazza

Parthenope University of Naples,
Naples, Italy

XVI



Chapter1

Theoretical Underpinnings of Value
Chain Analysis

Mengistie Mossie Birhanu

Abstract

Value chain related theories evolve over time in response to critique and their
own conceptual development. In addition, they are ways of assessing the real world
(theoretical frameworks); generating explanations about market development
practice, and provide the opportunity for comparison over space and time. The
purpose of this chapter is to provide an overview of the theoretical literature on theo-
retical underpinnings of value chain analysis. The approach used has been a sort of
desktop review which involved collection of important secondary data to corroborate
facts and to understand key issues pertinent to the theories was fundamental. After
a search for literature, the review employed a method known as content analysis.
The review result showed that the theories regarding value chain analysis intended,
in time, by simplifying the reality or image to comprehend the phenomena with the
purpose of their forecasting. In addition, the theories presented an increased concern,
irrespective of the place where they were developed, but also, they stirred some crit-
ics. Moreover, it is the belief of this book chapter that it is intended to serve as both a
summary of the state of the field and an overview reference for users.

Keywords: theory of change, value chain, strategic business management, transaction
cost, new paradigm

1. Introduction

For a large part of the world’s growing population, the increasing integration of
the global economy has provided the opportunity to achieve significant prosperity
gains. For developing countries, the globalization of manufacturing has opened up
new prospects of upgrading their industrial and service sectors. It also holds the
promise of higher incomes, increasingly differentiated final products, and a greater
availability of quality goods. Most notably, free trade agreements and other accords
have created new export opportunities—mainly for food products—as the demand
for variety continues to grow in developed countries. The expansion of agro-
industrial operations and connections to export markets has been supported by these
market shifts among governments, investors, and farmers in order to increase local
food production, employment, company growth, and international trade. This has
led to competition among producers to meet export market demands in terms of cost,
quality, and delivery times. Consequently, a wide range of companies have evolved to
provide goods and services to help agro-industries meet those demands. At the same
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time, policies, regulations, support services, tax and trade instruments and their
associated actors and institutions have also developed to become intrinsic parts of the
so-called “value chains.”

Such a move, globalization, is changing the environment in which poverty-
reduction strategies are being implemented. In this new context, two things are clear:
poverty alleviation cannot be sustained without economic growth; and economic
growth cannot be sustained in non-competitive industries. Hence, a value chain
approach which focuses on industries employing large numbers of the poor and with
the potential to become and remain competitive in global markets should be in place.
This approach therefore has relevance in a wide array of programs for which poverty
reduction and/or wealth creation is either the ends or the means.

Market globalization generally links a firm's ability to remain viable to the com-
petitiveness of the businesses in which it operates. Firms within an industry in a
country or region must increasingly compete—even in local markets—with firms and
industries from across the globe. To succeed in global markets, entire industries (or
value chains) must be able to deliver a product to the consumer more efficiently, with
a higher quality and/or in a more unique form than the value chains in competing
countries. This tells us that competitiveness at the firm and industry levels is inter-
dependent. In this chapter, readers will learn the theoretical underpinnings, theory
of change and value chain analysis nexus, development and operation of agricultural
value chains with practical cases from Ethiopia.

The “value chain” concept has evolved, within academics from a variety of
“ideological” schools influencing it along the way [1]. The francophone concept
of filiere and the anglophone concept of commodity chain underpin value chain
theory, analysis, and methodologies [2]. Beginning in the late 1990s, the term
“commodity chain” was gradually replaced in the literature by “value chain” [3].
Many researchers appear to agree on the concept of value chains, but their expla-
nations and abstractions of empirical results differ [4]. The two key concepts in
the study of value chains are the words “value” and “chain.” In the analysis of the
value chain, value is a synonym for “value-added,” [5] whereas “chain” refers to
the processes and parties involved (from conception to disposal) in the lifespan
of a product [6]. The term “value chain” has been defined in a variety of ways in
the literature. Kaplinsky and Morris [7] defines it as “the entire set of activities
necessary to take a product or service from conception to various stages of produc-
tion, consumer delivery, and final disposal after use.” This definition recently
was adapted to the specific field of agri-food products by [8], which provided the
following explanation:

“The entire vange of farms and firms, as well as their consecutive coordinated value-
adding practices, that yield varvious raw agricultural items and convert them into specific

food products sold to end-users and disposed of after usages in a way that is cost-effective
all around, has wide societal benefits and does not perpetually deplete resources” [8].

This concept has been widely used to understand the effects of market relation-
ships and upgrading processes on smallholders in developing economies. The fun-
damental feature of a value chain is market-focused collaboration: various business
enterprises collaborate to produce and market products and services in an efficient
and effective manner [9, 10]. The promotion of value chains in the agricultural sector
aims to increase product competitiveness in international and domestic markets, as
well as to generate more value-added within the region or country [11, 12]. The value
chain approach has gained attention in development practice and policy, primarily as
a lens for developing poverty-reduction initiatives with private sector participation.
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This has resulted in the development of a widely used analytical approach in develop-
ment fields known as “value chain analysis” [13, 14].

Value chain analysis is a reformulation of the Orthodox theory of trade, which is
based on Ricardo’s (1817) law of comparative advantage. In comparison to Orthodox
trade theory, the value chain approach is more feasible and is now more commonly
used to address poverty reduction and food security efforts, primarily by assisting
the poor in gaining access to markets [15, 16]. In explaining why, the poor may face
trade barriers and how to overcome them, value chain analysis is more useful than
traditional theory. This is because Orthodox trade theory assumptions, such as the
link between trade and poverty reduction on the one hand and economic growth on
the other hand, have never been the main focus. It also fails to deliver feasible inter-
vention strategies for policymakers and practitioners with more reasonable goals:
how and when to assist a recognized target group in accessing (or, in better terms,
accessing) specific effective value chains. Recognizing these flaws, trade theory is
being amended and, in many important ways, is converging with value chain analysis
[17, 18]. The sub-sections in 3.1 show the brief discussions on the development of the
concept of value chain as a new paradigm.

2. Methods to be applied

In reviewing this book chapter, the approach used has been a sort of desktop
review which involved collection of important secondary data to corroborate facts
and to understand key issues pertinent to the theories was fundamental. After a
search for literature, the review employed a method known as content analysis.

3. Theoretical underpinnings

The following sub-sections show the brief discussions on the development of the
concept of value chain as a new paradigm.

3.1 The Filiére concept

The “Filiére” approach was developed in the 1960s to gain a more detailed under-
standing of the economic processes that underpin agricultural commodity production
and supply chains [19]. In Francophone countries, the approach is used to analyze
agri-food supply chains. It incorporates various schools of thought, including system
analysis, Marxist economics, industrial organization, management science, and
neoclassical welfare analysis [2]. It was soon utilized in the research of agriculture
in developing countries, emphasizing growing exports of products such as cocoa,
cotton, and coffee from French colonies. This theory is then used to shape French
industrial policies. However, the “Filiére” idea failed in its analysis of the global world
economy because it is a static model with non-changing participants. Rising or falling
commodity or information flows, as well as stakeholder increases and decreases, are
not taken into account [10]. Overall, the Filiére can be used to describe the flow of
physical inputs and services in the production of a finished product, and is concep-
tually similar to the modern value chain concept [20]. In more recent years, filiére
research has been influenced by transaction cost economics (TCE), regulation theory,
and convention theory [2].
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3.2 Strategic business management perspective

Michael Porter's [21] concept of value chains is found in the literature of strategic
business management, under the umbrella of supply chain management (SCM). The
concept was created to assist managers in determining the value embedded within
their company's various supply and support operations, as well as ways to improve
that value in order to gain a competitive advantage. According to Porter, value chain
analysis is the ultimate technique for evaluating the profits generated at each point
of production. Porter distinguished various stages of the supply process (inbound
logistics, operations, outbound logistics, marketing and sales, and after-sales ser-
vice), the transformation of these inputs into outputs (production, logistics, quality,
and continual improvement operations), and the support services the firm marshals
to accomplish this task [22].

SCM first appeared in the early 1980s as an approach to managing flow of products
and enhancing efficiency within a single company [23]. SCM's boundaries grew to
include all actions and actors engaged in delivering a product from raw material to
consumer over time, and it now encompasses all activities and actors involved in the
delivery of a product from raw material to consumer [24]. Overall, the method strives
to integrate and coordinate activities and stakeholders across the supply chainin a
systemic and strategic manner in order to optimize the supply chain's performance in
providing the product at the lowest possible cost [25].

SCM does not have a unifying theory that underpins it. Instead, a variety of
current theories from diverse domains have been employed to describe certain ele-
ments, meaning that no single theory can adequately cover the scope of SCM [26, 27].
According to [28], the combination of TCS, the resource-based view, and network
theory is most beneficial in explaining supply chain structure and management
issues. These authors suggest that when the three theories are considered together,
they can create a mid-level theory for SCM that they call the “new institutional
economics approach.” Porter's concept of competitive advantage is also incorporated
into SCM. According to Porter, enterprises or chains must offer consumers either
cheaper pricing or unique product or service features in order to establish and retain
competition [7].

Transaction Cost Theory: The transaction cost theory is classified as a branch of
New Institutional Economics (NIE) [29, 30]. Transaction costs are expenses incurred
when activities such as information gathering, negotiation, bargaining, enforcing,
and monitoring are carried out [31]. The costs of identifying markets and trading
partners, as well as the costs of obtaining price and product information, are referred
to as information costs. The expenses of physically negotiating, bargaining, and for-
mally drafting the terms of exchange are referred to as negotiation costs. Monitoring
and enforcement costs are the expenses of making sure that the transaction's terms,
like quality standards or payment methods, are followed by the trade agreements [32].

The business relationships between suppliers and purchasers produce “transaction
costs” in addition to the costs of manufacturing and marketing at each phase of the
value chain. Market inefficiencies, like low market consistency, lack of grades and
specifications, or weaknesses in the business environment, often result from high
transaction costs. TCE explores the basis for governance decisions about inter-com-
pany organizational relationships. Inter-organizational relationships are agreements
that bring together organizations with the goal of producing joint added value [33].
In TCE, the fundamental unit of analysis is transactions among firms [34]. Under the
conditions of stakeholders’ opportunistic actions, businesses choose a governance
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form that significantly reduces transaction costs. Through mutual investment, control
mechanisms, and complex organizational structures such as contracts, value chain
actors safeguard against the risk of opportunity. The majority of small and marginal
farmers in underdeveloped nations live in remote areas with inadequate infrastruc-
ture, and they frequently miss out on market opportunities due to high transaction
costs [35]. According to [36] transaction costs negatively impact market participa-
tion, while better market information triggers it. Barrett [37] argues that distance to
market is a proxy for transaction costs and has a negative impact on market participa-
tion. Overall, the idea of transaction costs aims to clarify what kind of governance
system is empirically defined [38].

Network theory: This is another relevant theoretical stream for developing value
chain research. It relies on the interdependence of social and economic interactions
in (production) networks consisting of multiple vertical and horizontal relationship
issues among stakeholders in the supply chain [39, 40]. According to the network
framework, businesses are integrated in a dynamic of vertical, horizontal, and
business development relationship issues with several other institutions that provide
inputs such as credit coordinators, advisory services, and transportation services
[41]. The supply chain demonstrates vertical connections among market participants
in order to co-produce for a market, whereas network theory combines vertical and
horizontal interactions between actors [42]. Network linkages can boost a company's
"social capital" by making it easier to obtain information, necessary knowledge, and
financial assistance, as well as by empowering information sharing among key stake-
holders lowering transaction costs and enhancing access to markets [43]. When the
value chain is more described by a network than by a single vertical chain, network
analysis is used. To summarize, networks are an important factor in the development
of both intervening and upgrading value chains, and they serve as a basis for analyz-
ing and mapping relations and flows among people and organizations [44].

3.3 Political economy perspective

The third important antecedent of value chain study is political economy research,
which looks at the causes, nature, and effects of global industrial and technological
integration. Wallerstein's world-systems analysis, which emphasizes on the world-
system as the unit of social analysis and is focused on understanding the varied
implications of the capitalist world economy, provides the foundation for this line of
research, which is referred to as "global chains" research. As a result, one of the most
important themes is the distribution of power and advantages among people from
industrialized and developing countries. Despite the fact that the literature on global
chains is broad and multidisciplinary, three important analytical frameworks may
be distinguished: global commodity chains, the world economic triangle, and global
value chains (GVCs) [45].

Gereffi developed the “Global Commodity Chain (GCC)” approach in the mid-
1990s, which is based on Wallerstein's commodity chain [46]. This perspective is
used to investigate the origins, nature, and consequences of global technological and
industrial integration. The approach builds on the world systems perspective. Gereffi’s
contribution has supported significant advances in the empirical and normative
application of the value chain framework, especially for its emphasis on the power
structures embedded in value chain analysis. The approach focuses on the power
relations embedded in value chain analysis and connects the concept of value-added
chain to global industry organization [47]. Moreover, in 2002, Messner developed the
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theory of the “world economic triangle” where actors, governance, and regulation
systems are influential factors for regions (developing countries) scope of action in
the global commodity chains. The six major characteristics in all economic triangles
are: group of actors, their interests, trust, power relations, action-orientation, and
mind sets [48]. World economic triangle approach focuses on the upgrading of whole
regions or clusters through their integration in value chains, which might bring up
grading perspectives for regions in developing countries. Therefore, this theory links
horizontal (cluster development) and vertical approaches (value chain) [49].

In the mid-1990s, the growing fragmentation of supply chains in the global arena
led to the development of the literature. This literature added an explicitly inter-
national perspective and centered on worldwide power dynamics and rule-setting
processes (governance) across the chain [50]. Humphrey and Schmitz [51] introduced
the “Global Value Chain” concept. In 2000, a team of researchers with considerable
expertise met to establish a theory of “global value chains” [52] in a series of seminars.
Its goal was to construct an exact theoretical model appropriate to real-world scenar-
ios, robust, and applicable [19]. The advantages of Porters’ single firm orientation are
recognized by this new school of thinking (GVC), while at the same time scrutinizing
relations between the various stakeholders. A GVC approach enables social influences
to be incorporated and provides a structure that connects constraints, governance
structure, and upgrading strategies [2].

The governance structure is a crucial step to understand the nature of coordina-
tion and relationship mechanisms that exist between stakeholders in the chain [47].
Governance involves coordination and related positions in finding vibrant cost
advantages and allocating key players’ roles [7]. Governance’s central premise is the
realization that encounters between businesses in a value chain reveal organizational
forms rather than merely random interactions [7], which implies that governance
guarantees that the organization is represented by interactions among entities across
avalue chain [47]. It is noted that management and coordination often function in lit-
erature as interchangeable or synonymous terms [53]. The term governance was used
by Williamson [54] in the 1980s to describe the collection of hierarchical frameworks
in which a transaction is organized. Based on governance structures, value chains can
be classified into producer-driven and buyer-driven value chains [47]. However, in
developing countries, where food chains still have many stages, most transactions are
carried out with the assistance of middlemen. They may be able to address informa-
tion asymmetries that are prevalent in developing countries, but they may also take a
greater share of the market share in the value chain, limiting upgrading possibilities
for farm households [55, 56].

Most empirical findings [57, 58] in developing economies reveal that middle-
men take the lion's share of the margin shares and are more influential in the chain.
The hegemony of these middlemen in the value chain can be explained in part by
the terrestrial dispersion of actors and the scarcity of price information. Because
of the chain's extreme geographical dispersion, the actors require an assistant who
can act on their behalf in other markets and provide price information [59]. Due
to a lack of valuable market information and a lack of well-organized participants
in developing countries, participants rely heavily on middlemen. Most of the time,
middlemen purposefully create a communication chasm among both buyers and
sellers and arbitrate them in their preferred manner. As a result, middlemen are
viewed as market impediments by both buyers and sellers. The price is also set by
the middlemen. In such cases, neither the producer nor the buyer has the power to
determine exact product prices [60].
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Middlemen's actions have an impact on customer prices since they often collect
and manipulate selling prices. Ignoring middlemen and believing that producers/
growers could be tied directly to purchasers without some sort of middle, value-
added function is generally ill-informed and contributes toward further market
imperfections and decreased competitive advantage. As a result, middle actors
in value chains should be enticed with incentive schemes to drive better business
operations based on effective competitive environment and compliance with laws and
regulations. Munshi [61] argues that middlemen are not only an economic institution
but also a social network structure that facilitates trade in developing countries. In
addition to the two types of value chains described above, unlike developed countries
value chains, this chapter proposes a third type of value chain for developing coun-
tries like Ethiopia known as the "middlemen-driven value chain." This means that
three types of governance are distinguished based on the coordination role of “gov-
ernance”: those where producers have dominance (“producers-driven value chain”),
those where middlemen have hegemony (“middlemen-driven value chain”), and
those where buyers have a key role (“buyers-driven value chain”).

Long marketing channels benefited middlemen while negatively impacting both
producers and consumers. This meant that a long marketing channel was one of the
main causes of increased transaction costs as well as crop marketing inefficiency. Asa
result, the government should devote sufficient attention to improving the imperfect
market chain as well as long distribution channel by establishing institutions such as
cooperative-unions. Brokers should be formalized into legal venture for the benefit of
growers, wholesalers, retailers, and consumers by recognized financial institutions.
This situation clearly necessitates fierce government interference. This is because
unregulated middlemen are demolishing a considerable amount of value [59, 62]. In
general, the governance structure provides information concerning farm households'
positions in the value chain as well as the relationships among farmers and buyers.

Another key term in the GVC literature is upgrading, which is seen as a comple-
ment to governance. Upgrading is referred to as strategies for adding value, which is
the intervention step of value chain analysis [63]. Upgrading is defined by Mitchell
[15] as the “means of acquiring the technical, institutional, and market capabilities
that enable poor communities to enhance their competitiveness and shift toward
higher-value activities.” Value chain players are said to upgrade as they gain new skills
by creating more value-added commodities or improving existing ones. Upgrading
options could be specified by assessing profitability inside the chain and defining
its constraints. Improving strategies that include interventions such as improving
product quality and moving toward more creative market segments, redesigning
the production line or investing in new process upgrade techniques, improving the
chain’s performance, and introducing innovative features to increase the quality of
activities to gain deeper importance throughout chain [64]. In various countries and
businesses, empirical research [65] offers information about the benefits of upgrading
agriculture enterprises.

Various scholars have identified four upgrading opportunities namely: process
upgrading, product upgrading, functional upgrading, and inter-chain upgrading
[64]. Process upgrading focuses on enhancing the efficiency of external and internal
processes within the value chain. For instance, processes that ensure timely deliveries,
collection of quality products, or improved marketing of a product, organizational
restructuring, collaborations, and/or capability buildings are ways to achieve process
upgrading [7]. Product upgrading refers to improving existing products and/or devel-
oping new ones. It is closely linked to process upgrading because changes in products
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often lead to changes in processes [15]. Functional upgrading is achieved when a firm
changes one’s position within the chain to add value. An example of this can be farm-
ers who start processing in addition to producing fruits. On the other hand, upgrad-
ing of the chain involves moving to a new chain. If participating in one chain is not
profitable, farmers may look for other options, since they have a diversified livelihood
strategy. But high barriers of entry into new value chains might limit their options [7].

3.4 Theory of change and value chain analysis nexus

Theory of change, which was developed in the 1990s, is a method for design-
ing business strategies that brings together community development partners and
addresses proposed way of achieving impact [66]. In the case of smallholder value
chains, theory of change was used to develop business modeling techniques aimed
specifically at integrating smallholder farmers into market-oriented value chains
[67, 68]. It is a good place to start when it comes to understanding and clarifying
smallholder commercialization transactions. It demonstrates how well the various
interventions and tasks will interact to produce the desired market changes and, ulti-
mately, the planned impacts on smallholder farmers for each value chain. It is based
on the idea that by supplying farmers with the appropriate inputs, they will be able
to expand their farming production, resulting in higher earnings and therefore more
sustainable farmer practices [67]. The main goal of such assistance programs should
be to enable smallholder farmers to make appropriate, well-informed decisions about
how to manage their agriculture and which markets to pursue [69].

Consider an intervention designed to enhance household food security and
welfare as an example (i.e., final impacts). Inputs could include fertilizer, pesticides,
seeds, and pest management (Figure 1). However, inputs include not only production
techniques, but also expertise, such that poor and disadvantaged farm households
can use the accessible information for personal gain. Connecting smallholder farmers
to well-functioning markets ranging from local markets to structured value chains
is critical in long-term rural poverty-reduction strategies. Comprehending how to
successfully connect disadvantaged growers to markets, as well as recognizing that
markets can profit which types of participants, are important steps in community
development [70, 71]. The theory of change depicted in Figure 1 illustrates a proce-
dure that helps to identify critical steps and components when forming actor partner-
ships. Some of the strategies to increase profits for farm households include going to
invest in upgrading the value chain to meet production and distribution requisites,
making investments in wider sustainable livelihood strategies, as well as trying to
adapt trade relations and value chain formation for smallholder sourcing.

The intervention logic (theory of change) for a value chain method is depicted in
Figure 1. These strategies include expanding input access, increasing productivity,
enhancing value chain connections, expanding access to markets, and improving
supportive framework (an enabling environment). Increased access to productive
resources such as agricultural inputs, land, pest management, irrigation, as well as
other extension services can help disadvantaged farmers increase their productivity.
Similarly, it is critical that they cultivate their relationships with other actors in the
chain. As aresult, building strong value chain partnerships among farm owners as
well as other actors in the chain through coordination, communication, and contracts
is as significant as the other strategy elements. Finally, an enabling environment
should be developed and enhanced through education and advisory services. These
schemes would produce both tangible (higher profits, better access to capital, and
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Figure 1.

Value chain theory of change, objectives, outputs, and outcomes. Adopted from [69].

lower costs) and intangible results (reduced income risks, trust, transparency,
increased bargaining powers, and knowledge and skills). Smallholders would benefit
from food security, as well as a reasonable income and environment. Despite efforts to
incorporate value chain expansion into developing nations' poverty-reduction strate-
gies, initiatives are frequently ineffective. One reason for this is a lack of coordination
efforts throughout the entire value chain [69, 70].

3.5 Sustainable livelihood framework

Participation in the agri-food value chain knowledge, good health, and the ability
to work that allows people to pursue various livelihood choices and achieve their
goals. Human capital is a factor of the amount and quality of labor available in a
household. These changes depending on the size of the household, skill levels depend
on a number of factors at the producer level. There are several perspectives from
development economics for understanding what determines smallholders' participa-
tion in agri-food value chains, including the sustainable livelihood framework (SLF),
which includes five types of assets or capitals: natural, physical, human, financial,
and social capitals [72]. Due to the quantities of assets envisaged by such individu-
als, the capitals explain why individuals in rural areas are able to participate in some
activities while others are not. According to [73], varied value chain participation
among smallholders could be explained by variable access to assets and services to
decrease transaction costs.

The following are the explanations behind these capitals: Natural capital refers to
the natural resource stocks (e.g., land, trees, water, air, genetic resources, etc.) from
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which resource flows and environmental services (e.g., nutrient cycling, hydrological
cycle, erosion protection, pollutant sinks, and etc.) are produced that are important
for livelihoods. Human capital includes things like literacy, skills, health, and the
ability to work. Human capital is the combination of skills, leadership potential,

and health situation, among other factors. Human capital occurs as a livelihood

asset in the framework for sustainable livelihoods, that is, as a component or means
of achieving livelihood outcomes [74]. Physical capital refers to the infrastructure
and production goods that are required to support livelihoods and pave the way for
livelihood strategies. Infrastructure includes accessible modes of transportation,
proximity to towns and the capital city, a marketing location, suitable housing,

water and sanitation, and information access. Infrastructure and producer goods are
frequently thought to be required to sustain livelihoods [75]. Social capital: different
social venues can establish formal and informal interactions from which people might
get varied possibilities and rewards in their pursuit of a living. It encompasses verti-
cal and horizontal networks and connectedness that strengthen people's trust and
ability to collaborate, as well as their access to larger institutions such as political and
civic bodies. Financial capital is the term used to describe the financial resources that
people employ to fulfill their livelihood goals. Savings, credit, and production equip-
ment are all part of it [74].

SLF provides a paradigm for examining how institutions affect smallholder
income, asset holdings, consumption, and poverty in direct and indirect ways.
Institutions, according to SLF, influence access to assets or resources, affecting
livelihood strategies. For example, a household may choose to intensify or diversify
its activities. If a household decides to intensify, like in this case of farmers investing
in the production and selling of better fruits varieties, financial, social, and physical
assets will all play a role. The livelihood strategy chosen has an impact on the out-
comes, such as poverty alleviation [76]. The SLF, in general, explains the resources
that smallholders require in order to participate in agri-food value chains.

4. Concluding remarks

In this chapter, we have explored the main theoretical concepts, ideas, and cri-
tiques arising from the literature on (agricultural) value chain theories. The value
chain approach has gained attention in development practice and policy, primarily
as a lens for developing poverty-reduction initiatives with private sector participa-
tion. This review paper revealed that there has been a revolution in thinking about
value chain theories over the past several decades, since 1960s. Many of these value
chain theories provide powerful explanations for growth and circumstances of the
approach. In conclusion, theories are developed to provide us understand the value
chain concepts and approaches over time. The theories presented an increased con-
cern, irrespective of the place where they were developed, but also they stirred some
critics. That is, new theories/approaches can develop on the basis of criticism and the
rejection of existing frameworks of understanding and they are constantly evolving
in parallel with the world they seek to explain.
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Chapter?2

The Importance of Short Food
Supply Chain: Examining Logistics
Strategies for Competitive
Advantage and Sustainability

Chris Dominic

Abstract

The Short Food Supply Chain (SFSC) has increased in recent decades,
significantly impacting the environment, CO, emissions, and biodiversity loss. This
study focuses on the SFSC and its components by examining the logistics strategies
and the value of simple communication strategies in the SFSC. The study aims to
gain insight into how these strategies can provide competitive advantages for food
producers and align with the desired perception by customers. The SFSC is a direct
and shortened food distribution system from producer to consumer, reducing
the number of intermediaries involved in the supply chain and promoting a more
sustainable and efficient food supply chain system. The study analyses case studies
of Swedish food producers and intermediaries to understand the impact of SFSC on
reducing food waste and packaging research. The growth of SFSCs is expected to
lead to a more locally produced food industry and improved small business develop-
ment, product range, and energy efficiency.

Keywords: short food supply chain, packaging, logistics, locally produced food,
sustainability

1. Introduction

In recent decades, the Short Food Supply Chain (SFSC) has grown faster than the
countries’ GDP [1]. The SFSC significantly impacts the environment, CO, emissions,
eutrophication, and biodiversity loss [2]. According to Eurostat 2009, road freight
transport will increase by approximately 16% annually. The distance increase and the
number of deliveries between the countries [3]. Meat consumption within Europe
has also increased. About 365 million animals were transported within the E.U.
market, of which about 67% were transported by road. The increased quantity and
distance significantly impact the load on the environment, safety and quality. The
transport sector generates approximately 25% of greenhouse gas emissions related to
worldwide energy consumption. 75% of greenhouse gas emissions come from road
transport [4, 5].
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Increased transport, in turn, impacts the environment [6], logistics costs, qual-
ity and safety [7]. The demand for locally produced food has recently increased
[8, 9]. The efforts to mitigate climate change risk [10] from transport related to
the agricultural sector should receive more attention. The Swedish agricultural
industry [11] uses about 20% of the total energy consumption. Effective utilisa-
tion of SFSC would reduce fossil fuels and greenhouse gases [12]. In addition, new
national goals of self-sufficiency [13], creating logistics services, infrastructure
solutions, freight transport systems and design challenges. Coordination of locally
produced foods would improve competitiveness and quality for customers and
consumers [14, 15].

This study focuses on Short Food Supply Chain and its components by examining
the logistics strategies in the short food supply chain (SFSC), focusing on com-
munication, environmental sustainability, and innovation. The study aims to gain
insight into how these aspects can provide competitive advantages for food producers.
Through case studies on a few Swedish food producers, intermediaries, and point-of-
sale, the study analyses the value of simple communication strategies and how SFSC
can align with the producers’ desired perception by customers. The study does not
consider the financial implications of SFSC. However, one key factor is to reduce food
waste [16] and to service providers in logistics activities.

The ecological problems related to waste have led to [17] focus on packaging
research that has increased [18-20]. On the other hand, packaging has a protec-
tive and informative role in showing the environmental impact [21, 22] for SFSC.
However, several studies demonstrate the indirect importance of packaging that
reduces environmental impact [23-25].

2. Short food supply chain

Short Food Supply Chain (SFSC) is a concept in food systems that refers to a direct
and shortened food distribution system from producer to consumer. It emphasises
local production and distribution, reducing the number of intermediaries involved
in the supply chain [26]. SFSC aims to create a more sustainable and efficient food
supply chain system by reducing the environmental impact of food transportation
and promoting closer relationships between producers and consumers.

Short food supply chains (SFSCs), as legally defined by (E.U.) Regulation N.
1305/13 is considered a model of agricultural production that can achieve environ-
mental, economic and social benefits, such as mitigating marginalisation inefficien-
cies and reducing transportation costs and CO, emissions.

SFSCs sales-end can be divided into individual direct sales, collective direct sales
and locally organised associations. The main goal is to reduce the middleman and
direct transactions between the farmer and the consumer. These transactions can
occur inside or outside the farm, for example, at farmers’ markets within a particular
relation with the customer or in a collective form, involving cooperatives of producers
selling their products to consumer groups, informal agreements and variable quantity
levels between producers and consumers. Traditional SFSCs tend to be farm-based
in rural areas and take the form of on-farm sales, roadside sales and ‘pick-your-own’
systems. Most typically, designated pages on social media are applied to inform the
consumers about what is in the farmers’ stock and how the items pack and distributed
to rural marketplaces. SFSC management covers the entire chain of activities from
production on the farm to processing, distribution, and marketplace to the consumer.
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Locally produced food means that the food is grown or produced close to where
you make your purchases. What is considered close is not defined, but in Sweden,
close is usually regarded as regional or local. Choosing locally produced food benefits
producers and businesses in the home area and reduces the environmental impact that
long transports would otherwise entail. But it should be mentioned that the concept
does not necessarily positively impact the environment.

2.1 SFSC local associations

Several non-profit member associations have emerged supporting local farmers with
the mission to increase the volume and quality of food production in various parts of
Sweden. The association’s goal is for those who live in the region to partake of the locally
produced food. They have mapped all food producers within the country so that one, as a
private person, can know where to shop, experience and eat food produced in local areas.

The association aims to respond to the growing interest and demand for locally
produced food requiring increased production and processing. This development must
also be ecologically, economically and socially sustainable in the long run. According to
one member, the growth of SFSCs will lead to more employment. The ripple effect will
improve the development of small businesses, increase a broader product range, increase
attractiveness for the rural area, and a more energy-efficient society will positively affect
the hospitality industry, expand research activities and a higher level of education’

2.2 Sales channels

New sales channels with short supply chains have grown as a reaction to long-dis-
tance food supply chains. The discussion about SFSCs raises the question of finding
alternative ways to supply food by reducing the distance between restaurants and
private customers or consumers. In recent years the use of digital ordering systems for
buying food has increased in combination with the increased interest in consuming
locally produced food.

2.3 Virtual food platform

In Sweden, the virtual food platform “REKO-Ring” has been popping up, connect-
ing consumers and producers interested in selling and buying locally-produced food
using social media groups.

Reko-Ring is a sales channel that food producers can use to sell their products.
With a predetermined date and place, all transactions are done in about an hour,
where possible payment and pick-up of goods occur.

The Reko-Ring can be said to be a mobile farm shop where all business is settled
in advance, which reduces the amount of food waste and saves the producers a lot of
time as the period for picking up the products is predetermined. Moreover, producers
can plan deliveries in a time-efficient and environmentally friendly way and coordi-
nate these instead of going to several locations. The orders are made through the local
Reco-Ring social media group, where the producers have their payment approach.

2.4 Farm shop

Farm shop means that the producer has his shop, usually on his farm, where the
producer’s goods, often self-made, are sold as other belongings. The purchase then
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occurs locally, with the transaction and the goods being given directly to the hand at
the time of sale.

2.5 Community kitchen

The community kitchen means food produced for publicly owned kitchens serving
preschools, elderly care, healthcare, and hospitals. This is another interesting sales
channel for locally grown food, as public opinion exists for this type of set-up system.
The local authority tenders locally produced food and distribution activities to benefit
small-scale businesses.

2.6 Retail

Grocery stores mean Swedish retail, such as, e.g. ICA, Coop, Willys and Hemkép.
Also, these actors are working closely to benefit the local food industry.

2.7 Public market halls

A market hall is a public sales outlet where products such as meat, fish and sea-
food, fruit and vegetables, delicacies, spices and flowers are sold.

2.8 Packaging

Packaging influences all logistics operations throughout SFSC and helps the cus-
tomer in decision-making. Well-functioning packaging systems play an increasingly
vital component in succeeding in creating a well-functioning logistics process. The
packaging design is crucial to transporting the goods from local farms to customers in
a thoughtful, smooth, and cost-effective way. With well-designed packaging, waste
and transport are reduced, which in turn means that costs for producers are reduced.

Standardisation is needed to achieve a functioning logistics chain with simple
packaging for handling and use. It is vital to jointly develop a maximum packag-
ing size and weight for smooth handling for the producer, transport company, and
customers.

3. Case study
3.1 Logistics model for locally produced food

One study was conducted in the western region of Sweden. The study had vari-
ous hubs/central warehouses where producers deliver their products themselves or a
third-party logistics company, such as transport and last-mile distribution companies.
The goods from several local food producers were collected with a separate shipping
company. The thought process here was to reduce the environmental impact and cost
and make it possible for the producers to use the shipping company.

From the various hubs, the goods were transported to the customers with the help
of the shipping company, and these deliveries were made directly to the customer’s
desired location.

Locally produced is a resource centre for small-scale food producers that
advise, train and develops small-scale food companies to create growth and
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employment in the region. The vision is to become the leading region in locally
produced food. It currently has seven hubs that deliver to customers and consum-
ers. In addition, three different transport companies were used depending on the
goods to be sent.

3.2 Reko-rings in the central region of Sweden

A site visit was made when Reko-Rings had an event where the producers and
customers met for sales and picked up groceries. Approximately five local food
producers came there, and all five used their means of transport. One producer
cooperated with another and pooled farmed products. The means of transport used
by all producers were fossil-fueled cars, but there was an interest in a more environ-
mentally friendly alternative.

One of the food producers took payment on the spot. While with the remaining
four producers, the goods had already been prepaid for in advance by the custom-
ers. One of the producers had surplus food with him and was, therefore, able to sell
beyond his predetermined orders.

An observation that was made was that there was a low amount of customers
concerning what the producers wanted. Several people pointed this out during the
interviews.

3.3 Small-scale fishery

In Grundsund, on the west coast of Sweden run, fishermen have a small-
scale coastal fishery. In this area, small-scale fishing held the key to living in the
archipelago.

The longitudinal canals leading into the well-protected harbour are houses and
boathouses. The fishing gear on the wooden quays testifies to the professional fisher-
man. Here is a fisherman who believes in a bright future in the profession, and fishing
becomes a lifestyle.

* The fisherman says we still have a living archipelago with small-scale fishing.

He used to work in trawling but has been fishing with cages primarily for lobster
and crayfish for several years. Occasionally, he also engages in net fishing for flounder,
mackerel, and other types of fish.

He has his mother, a small-scale professional fisherman, with him out to sea-his
father also fishes, which he has done since the 1980s. During parts of the fishing
season, he brings tourists from a nearby hotel. The tourist then learns more about
what type of species swim in these parts and life as fishermen.

He grew up with small-scale coastal fishing, but for a few years, he tried a slightly
different type of fishing in Scandinavia.

* Itis simply this fishing that is closest to my heart. But, I also have the oppor-
tunity to come home daily to my family, different from those out fishing from
Sunday to Thursday or Thursday to Tuesday, which is a regular work schedule.

He takes the herring fishery in the southern part of the Baltic sea as an example of
how large-scale fishing can wipe out small-scale fishing.
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Once upon a time, herring fishing generated work for many families in southern
parts of Sweden. Nowadays, most of the herring is caught by a large trawler, as they
catch in Denmark.

* Even if it is fishermen from these parts with Swedish-owned boats flagged, it
generates either more work for more people on land in Sweden or tax revenue for
Sweden.

* From the authorities’ point of view, it may be more manageable to control 10
larger boats than 100 smaller ones.

The interviewee still sees a clear swing that speaks for small-scale fishing. More
private individuals, restaurant buyers, and fish markets are asking for fish caught in
cages. Traceability becomes an essential factor when customers are demanding cage

fishing.
3.3.1 Protected zones for sustainable fishing

The fisherman advocates protected zones where cage fishing can occur during
parts of the year. This fishing method has little impact on the bottom’s environment
and animal and plant life. It also offers more people an opportunity to make a living
from small-scale fishing that is sustainable in the longer term.

Another advantage is that shellfish that do not measure up are thrown back alive.
But, unfortunately, that opportunity is not given to the animals caught in single
trawls, where bycatch is thrown back dead into the sea.

Because large-scale fishing fleets are often prioritised in fisheries policy centres,
itis easier for the E.U. to control and fit them like a glove in many situations. But
large fishing boats trawling far out at sea do not contribute similarly to the old, classic
fishing modes.

* There are no more fishing boats out there. And the prawns come frozen from
Greenland. So then we understand that fishing and vessels are essential in this,
states the local fisherman.

The interviewee has a positive vision of the future of this sector. The possibility of
changing the direction of fishing and aiming it more precisely at selected species also
reduces the pressure on fish species that need to be protected. In this way, the stocks
can grow larger and more robust.

* In some regions, combining overburden fishing and trawl fishing may not be
possible. But for us, as it is here now, I think it works well. Of course, from a sus-
tainable point of view, trawl fishing should cease, limit, or move out elsewhere.
However, we are optimistic that many will still be able to adapt.

4. Discussion

Short Food Supply Chain (SFSC) refers to a direct and shortened food distribu-
tion system from local producer to consumer, reducing the number of intermediaries
involved. It aims to create a more sustainable and efficient food supply chain system
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by reducing the environmental impact of food transportation and promoting closer
relationships between producers and consumers. SFSCs can be individual direct sales,
collective direct sales, or locally organised associations. New sales channels for SFSCs
have emerged, such as virtual food platforms, i.e. Reko-Ring and farm shops, retail
stores, and public market halls. Packaging plays an essential role in SFSC, influencing
all logistics operations and helping customers in decision-making.

This study presents two case studies on short food supply chains and small-scale
fishing conducted in central and western parts of Sweden. The case studies were
conducted on the spot by mapping the short food supply chain channel from the
producers to the point of sale. In the first case, local food producers meet for sales
and deliver at an event, with five participating suppliers in the study. As a result, the
producers face low customer turnout and interest in a more environmentally friendly
means of transport. In the second case, a fisherman and his family run a small-scale
fishery, focusing on cage fishing for lobster and crayfish. The fisherman advocates
for protected zones for sustainable fishing and has a positive outlook on the sector’s
future, as there is a growing demand for traceable fish caught in cages.

The study highlighted the challenges of large-scale fishing and its impact on the
environment and the overfishing of certain species.

The Short Food Supply Chain (SFSC) is a direct and shortened food distribution
system from producer to consumer that reduces the environmental impact of food
transportation and promotes closer relationships between producers and consumers.
The trend has been to minimise distribution and transport distances by bringing more
locally consolidated food production and becoming more self-sufficient. The interest
in locally produced food led to the development of non-profit member associations
supporting local farmers and new sales channels like the virtual food platform. The
increased use of SFSC can lead to improved employment, small business growth,
reduced food waste, and lower greenhouse gas emissions. In addition, SFSC can
offer a more sustainable and efficient food supply system by decreasing the distance
between food producers and consumers.

5. Conclusions

The study focuses on Short Food Supply Chain (SFSC) and its impact on logistics
strategies, communication, environmental sustainability, packaging, and innovation.
The study aims to understand the competitive advantages of SFSC for food producers
through case studies of Swedish food producers, intermediaries, and point-of-sale.
The SFSC exemplifies a direct and shortened food distribution system that empha-
sises local production and distribution and reduces the number of intermediaries
involved. It aims to create a more sustainable and efficient food supply chain system
by reducing the environmental impact of food transportation and promoting closer
relationships between producers and consumers. There are three types of SFSCs:
individual direct sales, collective direct sales, and locally organised associations. The
growth of SFSCs could lead to more employment opportunities, improved small busi-
nesses, and a low-emission food supply for consumers.
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Chapter 3

Trends Shaping the Future of
Agrifood

John Stanton and Rosa Caiazza

Abstract

In agriculture innovation is the main driver of productivity growth. Innovative
technologies and methods have to help increase firms’ productivity in a sustainable
way. Technology diffusion is important as developing new technologies for sustain-
able production processes. Current innovations can lead to define the composition of
foods with impoverishment or enrichment of nutritional and sensory characteristics.
New technologies play a central role in adapting agricultural practices to environ-
mental change. New agricultural practices help to preserve environmental integrity.
Competition for an alternative use of natural resources is increasing and agricultural
practices and technologies will have to adapt to climate change and more extreme
weather-related conditions. This multifunctional approach needs to be directed
towards increasing knowledge about the relationship between microstructure,
process, product characteristics and technological innovation to protect the quality
and origin of products. Innovations are not enough if they are not accompanied by a
regulatory environment conducive to business development. Think first of all about
the issues of security, rationalization of controls and the embargo of bureaucracy.
But also, to the sustainability of food production and the need for common rules on
supply conditions in crucial international commodity markets for the development of
certain products.

Keywords: supply chain, agribusiness research, agribusiness trends, agribusiness
pillars, distribution

1. Introduction

Agriculture refers to the production of food and non-food items through farming
or animal husbandry [1]. It encompasses the realization of both agricultural prod-
ucts (the rearing of livestock and the growing of crops and horticulture), as well as
agricultural services (agricultural animal husbandry and horticultural services and
the operation of irrigation systems). It is highly dependent on natural resources (land,
soil, climatic conditions and water) that differ significantly across the countries, with
implications for the pattern of industry, investment and trade [2]. It also requires
private investmentments in innovations and institutional support for technological
improvements. According to FAO world agricultural production will grow (from 10
to 20%) in the next years if policy-makers will realize institutional and technological
support to firms involved in agriculture.
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Policy-makers play a crucial role in agricultural extension, development of new
seed varieties and supporting agricultural production. The government can contrib-
ute to such support by providing agriculture-related infrastructure facilities aimed to
increase the productive capacities of firms. However, the extent to which institutions
contribute to agricultural production varies by country and by type of institution.
Budgetary constraints in developing countries limit their capacity to establish relevant
institutions in support of agricultural development.

Technological improvements play an important role in increasing agricultural
productivity. Modern agricultural technologies can help increase agricultural pro-
ductivity in a more sustainable way. In agriculture, innovation is the main driver of
productivity growth [3]. It can also improve the environmental performance of firms
and the quality of products. Some innovations help firms better deal with production
uncertainties and increase profits. In some countries, the challenge is to adapt agricul-
tural production to consumer needs.

Consumers’ behaviors are changing according to living standards, higher partici-
pation rates of women in the labour force, and reduced time available for meals [4].
Innovation must address such changes in consumers’ behaviors, provide raw materials
for non-food use, alleviate natural resource depletion, and enable adaptation to the
expected changes in natural conditions caused by climate change [5]. Developed
countries invest considerably more in agricultural innovations than developing
countries. Therefore, it is essential to increase public budgets for both institutional
and technological support to competitiveness of firms involved in all the stages of the
global value chain in the food industry [6].

2. General framework

The global value chain in agribusiness comprises the suppliers of inputs, proces-
sors of agricultural goods and retailers. It assumes a global form involving both local
or foreign players. In general, value creation resides mainly in the non-agricultural
segments of agribusiness chains. Some global value chains are coordinated by trans-
national corporations (TNCs). The universe of agriculture-related TNCs, including
suppliers of inputs, food manufacturers [7] and retailers [8] are usually larger than
agricultural TNCs [9]. The United States is home to the largest number of food
processing TNCs (ex. Kraft Foods and Coca-Cola), followed by the United Kingdom,
Netherlands, and Switzerland [10]. In the developing world, Hong Kong (China),
Singapore and Mexico are the most important home economies of food processors.
Behind the TNCs, the food processing industry is populated by a huge number of
small and medium-sized firms (SMEs) that must compete through specialization in
high-quality products and affiliation to a global network [11].

To face the challenges of an increasingly global market, small and medium-sized
firms need to base innovations on the local tradition to meet the changing needs and
lifestyles of consumers. Thanks to such investments SMEs that realize traditional
products (preserves, cheeses, wine, oil, etc.) are more and more involved in the
production of new goods (frozen, ready-made sauces, fresh condiments, etc.). Most
of SME:s associate technological innovation (new products integrated with new
production processes) to non-technological innovations (organization or market-
ing). The growth strategy of many SMEs has to focus on strengthening the markets
in which they already operate and entering new markets through organizational
innovation in networks with other actors. In implementing both technological and
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non-technological innovations in the agro-food industry, firms have to consider the
new trends of sustainability, healthy and smartness proposed in the 2030 Agenda’
from the United Nations. The 2030 Agenda for Sustainable Development identifies
Sustainable Development Goals, with a view to stimulating action over the next

15 years in all economic, social and environmental areas of critical importance for
sustainable development (Table 1) [12].

As stated in the 2030 Agenda, an important characteristic of the agro-food
industry is its close association with the environment. Food production contributes
to climate change, water scarcity and the destruction of biodiversity. Agro-food firms
have to avoid environmental degradation through pollution, greenhouse gas emis-
sions and deforestation.

The first challenge facing the food industry is to intensify production by reducing
the environmental impact and pressure on natural resources, but at the same time
producing safe products that allow people to have a diet that ensures good health. The
objective of firms has to promote a development model based on the balance between
environmental, economic and social needs. The sustainability of agri-food produc-
tion contributes to economic, social and environmental development. Firms have to
extend the reuse of materials, bioenergy, more efficient use of energy and water in
the production processes of foods. Policy-makers must stimulate the development of
models for sustainable production that make agro-food firms able to satisfy the pres-
ent and future needs of the world’s population [13].

The second challenge facing the food industry is to reduce health problems. In
developed countries, an increasing number of people have health problems due to
what is commonly referred to as lifestyle (ex. mainly diet, physical activity, mental
and emotional stress, etc.). People’s lifestyle has had huge changes in the last decades.
Social and economic change due to globalization has had a strong impact on society
leading to pervasive changes in people eating habits and behaviors (ex. eating out of
the home, personalized diets, consumer preferences, e-commerce, etc.).

Another challenge is to reduce toxic substances that residue from ingredients used
in production processes or move from the environment to the food chain [14]. Great
attention should also be paid to the so-called emerging contaminants (organostannic
biocides, brominated flame retardants, perfluorinated organic compounds) reported
by scientific literature for food but not yet considered by law. To address this second
challenge, it is necessary to use multidisciplinary strategies able to combine advanced
technologies to offer safe products with consumers’ information [15]. Food security is
now linked to innovation and sustainability of production systems and is perhaps the
most important element of business competitiveness [16]. The research must cover all
phases of the value chain from the production to the final consumption (from farm to
fork) [17].

The last challenge is to become smarter and smarter in the organization of firms’
activities. Collecting and transforming more and more data into strategic and usable
information is not a process sufficient to ensure greater rationality in economic

Value chain Suppliers Processors Retails
Innovation Technological Non-technological
New trends Sustainability Health Smartness

Table 1.

Pillars of agro-food system.
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decisions [18]. The third challenge is to improve firms’ ability to know how to fully
exploit the generated information. From this point of view, the agri-food sector is
ideally suited to take full advantage of information and communication technologies
(ICT) in all the stages of the value chain for both specific activities (ex. supply, pro-
cesses, marketing, distribution, sales, retail, etc.) and support activities (ex. technol-
ogy transfer). ICT in the agri-food industry aims to enable firms to become more and
more efficient in realizing managerial purposes using data available throughout the
value chain. This allows for a natural metamorphosis of business models, production
processes and redefinition of relationships between the members of the chain. With
the aim to evidence main innovations to face such challenges an empirical analysis of
innovative brands was realized.

3. Empirical analysis

The empirical analysis evidenced that innovation is not limited to just one cat-
egory or just one company. The chart indicates that innovation is spread across both.
Many of these innovations are related to the challenges (Table 2).

The packaging we use is the best way to keep our crisps crunchy. However, the new
consumers looking for new products want to see more sustainable packaging, 100%
recyclable packaging and still be delicious. TerraCycle is trying to make this a reality.

Philadelphia Cream Cheese has focused on the third challenge by solving the
problem of technology in that they can now make 13 different flavors of cream
cheese such as Salmon, Pumpkin spice, honey nut, chive, onion, etc. Bird’s eye also
demonstrated a focus on Health by introducing steaming pouching that permits
cook-in-the-bag technology. New Covent Garden bringing chilled soup to market
for the first time a technology-driven innovation. Genius Foods makes Gluten-free
bread where the focus is not on just the gluten but that it is tastier, softer and smells
delicious. This type of innovation captures both perceived health and consumer
attributes not generally met by gluten foods. Nontechnical innovation can be seen in
the perception of brands as fun and vibrant and appears more likely to be influenced

Brand Main market the brand operates in Innovative brands %
Walkers Crisps 46
Miiller Yogurt 45
Ben & Jerry’s Ice cream 42
New Covent Garden Soup 41
Birds Eye Frozen food 39
Philadelphia Cream cheese 38
Haribo Sugar confectionery 38
Genius Gluten-free baked goods 38
Magnum Ice cream 37
Activia Yogurt 37

*Base: Approximately 2000 internet users aged 16+.

Table 2.
Innovative brands.
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+10% +16% +23% +17% +22% +15%
Cereals Meat Dairy products Fish Sugar Ethanol
Table 3.

Agricultural production outlook.

by the category they operate in, rather than inherent perceptions of being innovative.
Brands like Miiller, Ben & Jerry’s, Magnum and Walkers all operate in treat categories,
which lends an image of fun and vibrancy to the brands compared to those operat-
ing in more staid and functional markets. The new social media has prompted more
interest in new products. One in 10 are prompted to buy new products by social media
and 12% of food shoppers are encouraged to buy a new food product by related social
media content from brands. However, this is low in comparison to the usage of social
media. A total of 67% of food buyers are prompted to buy a new food when it has
been recommended by a friend or family member and 47% of adults like to recom-
mend new food products to others. This indicates that any steps to drive word of
mouth could be used to support new product launches. It is ironic that the new social
media and technology have made the old “word of mouth” more effective [19]. Value
chain at all levels is one of the most important factors in the successful introduction of
anew product about this factor all three levels are shown in Table 3. The number one
factor in encouraging a trial purchase is a price promotion. In this case, every level
from Suppliers, processors and retailers all have the obligation to keep costs down and
be prepared to use marketing dollars to support promotional prices [20]. The proces-
sors can invest in technology that makes the crops more efficient to produce, proces-
sors can not only rely on technology but use trade promotion dollars to reduce the
prices at retail and finally retailers must be willing to pass on the promotional money
that was designated to reduce the retail price and therefore the risk [21].

As previously mentioned, social media can play a huge role in supporting new
products. Recommendations from family and friends are the third most important
factor to encourage trial. A recommendation by a friend or family member would
prompt two-thirds of shoppers to buy a new food product. This underlines the value of
word of mouth to brands when launching new products [22]. There is no question that
this media is difficult as it is new, and many older companies are not comfortable with
this media. Additionally, remains challenging, since it is difficult to measure the impact.
The online snack delivery brand Graze, for example, has offered discounts to customers
when their friends/family sign up [23]. Other brands have taken advantage of digital
platforms to encourage recommendations. For example, Birds Eye set up a pop-up
restaurant in London in the spring of 2014, which let people pay by taking a picture of
their meal and posting it to Instagram. Similarly, when Special K launched its Cracker
Crisps, it set up a pop-up shop that allowed people to pay for the crisps with tweets.

4, Results

From the research, we defined a general framework that considers the trend of a
sector, time, complexity, and degree of uncertainty as the variability underlying the
forecasting choices. The forecast time depends on the static or dynamic nature of the
sector being analyzed. Mature industries with rather stable dynamics tend to be slow
to change and therefore allow forecasts over longer time frames. On the contrary,
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the sectors most exposed to innovations have faster dynamics of change which allow
forecasts over shorter time frames. The degree of complexity depends on the number
of variables to consider. The greater the number of relevant variables, the greater the
complexity of forecasting the trend of the sector. Finally, the degree of uncertainty
depends on the level of knowledge of the relevant variables. The greater the knowl-
edge of the relevant variables, the lower the degree of uncertainty in forecasting the
trend of the sector (Figure1).

To apply the model identified to the study of future trends in the tomato sector,

a medium-long time period is considered, taking into account the maturity of the
agri-food sector, to limit complexity, innovation, sustainability and internationaliza-
tion and to reduce the degree of uncertainty, each of them is operationalized into two
macro-categories. This model must take into consideration a series of main agri-food
trends such as technological and non-technological innovation, the environment and
sustainability, the individual and corporate choices for internationalization and entry
into new markets (Figure 2).

In the production and processing industry, we must focus on the joint activity of
technological and non-technological innovation. Technological innovation capable of
determining substantial improvements in the quality of the product or of the production
process must increasingly be accompanied by innovation non-technological relating to
organization and marketing activities. The competitiveness of the sector must, in fact,
be based on the constant research and implementation of products to respond to new
needs, the introduction of new processes that consider the growing digitization of the
economy and new organizational forms and marketing actions capable of significantly
improving the national or international adoption of the manufactured products [19].

The primary objective of the agri-food processing industry is to offer good,
healthy, and safe food at affordable prices for everyone. To this end, companies in the
sector must be engaged in product and process innovations aimed at creating healthier
products suitable for different needs and lifestyles. The know-how starts from an
adequate selection of the best raw materials available and is carried out through
production processes born from ancient gastronomic traditions [20]. The agricultural
and agri-food sector are in the ideal conditions to fully exploit the potential offered
by information and communication technology to individual companies and to the
production chains in which they are inserted, both as regards specific activities (such
as research and development), both as regards support activities (such as technology
transfer). In parallel with product or process innovations, companies also imple-
ment marketing innovations aimed at helping the consumer make choices based on

complexity

time

uncertainty

Figure 1.
Model.
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Figure 2.
New trends.

detailed information on products, raw materials and conservation methods. These
innovations must above all concern packaging which plays a key role in guaranteeing
food quality and safety, protecting product integrity during transport, distribution
and consumption, conveying brand values and also providing nutritional and service
information essential for the consumer [24]. The work of consumer information and
communication must be accompanied by real innovation on the market to guarantee
new solutions suitable for different lifestyles and targets. The improvement of the
nutritional characteristics of food products is achieved through a modification of their
composition, as far as technologically possible and accepted by the consumer and

by trying to maintain the organoleptic characteristics of the product (flavor, texture
and shelf life). Most agri-food companies that intend to compete in the global market
choose the development of innovations in design and the adoption of new solutions in
the field of wrapping and packaging that enhance the new products as a strategy for
diversifying and improving the production offer [25]. The growth strategy of many
companies is based on organizational innovations which provide for the strengthening
of the distribution network in the markets in which they already operate or the entry
into new markets by setting up their own sales networks abroad [26]. Further innova-
tions concern the organization of the network of raw material suppliers. In order to be
able to create products to be introduced on the global market, the Italian food industry
is not self-sufficient for the raw materials of some product chains. In these types of
matters, it is necessary to implement innovations of an organizational nature aimed at
optimizing relations with foreign suppliers through integrated management systems
which provide for participation in the activities upstream of the supply chain.
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Companies in the agri-food sector should direct their activities towards the
development on a global scale of production and consumption business models
capable of making Italian companies capable of meeting the present and future
needs of the world population while respecting the environment and communities
territorial. From this point of view, the objective of companies extends from offering
quality products to doing so with respect for the environment and future generations.
The sustainable development of agri-food companies must consider the possibility
of extending as much as possible the policies for the reuse of waste by-products, in
the production of bioenergy, in the cosmetic and pharmaceutical industry and in the
production of fertilizers. Significant progress must also be made in terms of more
efficient use of energy and water in production processes along the entire food chain.

The issue of sustainability must be accompanied by that of health and food safety.
The lifestyle of people worldwide has undergone profound changes in a relatively
short period of time. In fact, in the last decade, social and economic changes due to
globalization have had a strong impact on the organization and functioning of our
society, leading to pervasive and consistent changes in eating habits and behaviors.

In the meantime, a real demographic revolution has taken place which hasled to a
substantial increase in life expectancy. This change in eating habits and lifestyles has
resulted in a greater orientation of the consumer towards food products with health
benefits and of better quality. This has led to a natural segmentation of the market
which must lead companies to consider the needs of new market niches that respond
to the needs of the elderly, vegans, sportsmen, etc.

Environmental issues related to the agricultural sector are influencing the way
farmers and businesses in the sector operate in agricultural production through the
adoption of more sustainable and environmentally friendly cultivation techniques,
better management of water resources, the use of renewable energy sources. The
extensive use of chemicals and pesticides in agriculture has polluted rivers, lakes and
other water resources and adversely affected the health of agricultural workers. The
conversion of forests to agricultural land has a significant impact on biodiversity and
the destruction of wildlife and its habitats.

The international growth strategies of agri-food companies can be aimed at
defending existing markets or at entering new markets and can be implemented in
different ways depending on the objectives that the company sets itself to achieve.
From this point of view, it is necessary to distinguish the determinants underlying the
internationalization choices from the methods of implementation of these strategies.
In the first case, it is necessary to identify which factors drive towards the choice of a
given market, which opportunities are present in it or which reasons make it impossi-
ble to exploit the same opportunities in the domestic market. In the second case, how-
ever, it is necessary to focus on the decision-making processes of companies, on the
reasons for choosing one method rather than another and on the main resources that
make a given internationalization path possible. Traditionally, internationalization
processes in the agri-food sector have involved large companies. In recent decades,
however, many small and medium-sized enterprises (SMEs) have carried out their
economic activities outside national borders, becoming international players. SMEs
face more challenges than large multinationals to compete successfully globally. The
main barriers to the internationalization of SMEs are, in fact, the scarcity of working
capital to finance exports, the difficulty in identifying foreign business opportuni-
ties, the limited information to analyse the markets, the inability to contact with
potential clients, the difficulty in obtaining certain foreign representation, the lack of
time of managers who mainly deal with internationalization, the inadequate amount
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of personnel not trained in internationalization. These problems can be traced to a
general lack of time and managerial skills to internationalize, financial means and
knowledge of foreign markets. The success of an internationalization operation
requires the prior definition of a clear strategy and the acquisition of a series of skills,
abilities and resources. The greater number of constraints and the substantial differ-
ences in the available resources and organizational structures of SMEs compared to
large multinationals highlight a series of limitations in using the literature of the latter
to explain the choices of the former.

5. Conclusion

Relationships between microstructure, process, product characteristics and
technological innovation can protect the quality and origin of products. Innovations
are not enough if they are not accompanied by a regulatory environment conducive
to business development. Policy-makers could play a leading role in deploying this
innovative approach. In developing countries, the challenge is to use mostly internal
resources to develop inexpensive technologies and enrich food formulations. In devel-
oped countries, the need is to balance scientific innovation with cultural changes.
Harmonization with the regulatory framework and homogeneous implementation of
land-based regulations are key concepts to ensure the proper development of efficient
agro-food policies. Think first of all about the issues of security, rationalization of
controls and the embargo of bureaucracy. But also, to the sustainability of food pro-
duction and the need for common rules on supply conditions in crucial international
commodity markets for the development of certain products.
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Chapter 4

Technology Promotion and Scaling
in Support of Commodity Value
Chain Development in Africa

Paul L. Woomer, Rachel M. Zozo, Sabra Lewis
and Dries Roobroeck

Abstract

Strengthening the production and processing of key food commodities forms the
basis of agricultural development in Africa. These value chains follow a quasi-linear
progression across seven main segments: farm planning > land preparation and crop
establishment > field production > harvest > post-harvest handling > marketing > and
value addition. Each of these consists of sub-segments whose improvement depends
upon promotion and adoption of specific modernizing technologies. The technolo-
gies either have commercial application, as with the distribution of production
input products and labor-saving equipment, or are related to management of farms
and processing. For crop commodities, these products include improved varieties
planted with more and better-formulated fertilizers and pest management materi-
als. Management options are primarily directed toward the better conservation of
resources and wiser integration of different farm enterprises. Key factors underlying
value chain advancement include wider application of digital services, more effec-
tive incentives for climate-smart action, increased mechanization and irrigation,
improved marketing efficiency and fairness, and incentives for value-creating agro-
processing. An analogous set of factors also relate to value chains supporting animal
enterprise. Attracting women and youth to meaningful careers in agriculture is par-
ticularly important since they are major stakeholders in the scaling of much-needed
technologies and business models.

Keywords: cassava, farm mechanization, goats, sheep, technology transformation,
wheat
1. Introduction

From a business point of view, value chains provide a means to describe how
inputs and services are combined to design, grow, and transform a product. They also

describes how products move from producers to consumers; and how they increase
in value along the way. Originally, the value chain concept was used to understand
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business relationships [1], with the main purpose of achieving and maintaining com-
petitive advantage. Later, definitions of value chains were expanded to the complete
range of activities for advancing a product through its phases of production, includ-
ing linkages between similar stage producers, and links to other value chains that
provide needed goods and services [2]. The term was quickly adopted within agri-
cultural development circles to guide their interventions [3]. In this context, value
chains serve as a reference point for efforts designed to reduce poverty and a means
to direct benefits toward them through a variety of initiatives focused on improved
productivity and the growth of stakeholder enterprises. The concept grew into the
common wisdom that value chains work best when their actors cooperate to generate
ever-increasing benefits for all participants working in concert to create value and
build trust. This view contrasts greatly from producers operating in more competi-
tive and adversarial modes. At this point, value chains had grown from a useful way
to understand manufacture and sales into a solution toward positive social and eco-
nomic change. The chains were viewed more in terms of the actors operating within
them rather than the processes they conduct. In the case of agricultural development,
this entails actors with interests in social equity and economic justice in addition to
various suppliers, farmers, traders, processors, distributors, and consumers.

Hill [4] proposed three transitional stages toward more sustainable agricultural
systems: (i) efficiency; (ii) substitution; and (iii) redesign. The ‘Efficiency Stage’
focuses on more efficient allocation of existing farm resources and judicious use of
available production inputs. It recognizes that many agricultural systems are inher-
ently wasteful, and much is gained from reducing losses and increase efficiency. The
‘Substitution Stage’ involves the strategic replacement of technologies and practices.
It allows for the introduction of new crop varieties and livestock breeds and encour-
ages suites of accompanying technologies that greatly increase productivity. The
‘Redesign Stage’ focuses on agro-ecosystem function to achieve sustainable impacts
at scale [5]. It advocates for recent and future breakthroughs that not only increase
productivity, but also manage externalities in positive ways such as greenhouse gas
emissions, carbon sequestration, soil and water quality, biodiversity, and dispersal
of pests and diseases [6]. Note that ‘Efficiency’ and ‘Substitution’ are readily applied
to existing production systems, whereas ‘Redesign’ involves future transformative
changes within them. For agricultural value chains to have relevance within the
scope of progressive change and improvement, they must consider elements of all
three transitional stages. To a large degree, this can be achieved through incremental
substitution of more efficient technologies promoted and adopted by various value
chain actors. Within the context of development, each transitional stage is best
supported through government investment as addressed in Sections 8 and 9 of this
paper.

In this Chapter, we examine value chains in terms of the technologies that are
available to their actors. This approach is specifically applied to ongoing efforts
toward the transformation of African agriculture that places modernization at the
very center of economic growth [7, 8]. Under these programs, a host of production
and processing technologies is widely disseminated to smallholder farmers and entre-
preneurs across major agro-ecological zones [9]. Interventions are based on proven
technologies for key food commodities, their positional linkages within value chains,
and the accrual of benefits by wider acceptance and practice of such technologies.
Most notably, in this way a bridge is formed between the more conventional approach
to value chains as consortium of actors [10] and the staged, modernizing transition
toward agricultural improvement [4].
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2. Technology-based value chains

A generic value chain model for supporting modernized crop-based agriculture
appears in Figure 1. This chain consists of seven main segments: farm planning, crop
establishment, seasonal production, harvest, post-harvest, marketing, and value
addition. Consumers are not depicted but they operate at the extreme right of this
sequence. Each segment contains three links, corresponding to different technical
requirements. Note that planning allows for long-term, seasonal, and immediate
access to input and labor allocations. Crop establishment consists of three stages; land
preparation, soil fertilization, and planting, although additional early operations may
be required. Crop management considers three basic operations: weeding, supple-
mental fertilization, and pest and disease control. Crop harvest involves the timing,
mode of recovery and means of removal from the field. Primary post-harvest opera-
tions occur immediately after the crop is collected and involve the separation of edible
parts from residues, bagging and storage of produce, and various quality preservation
measures intended to protect commodity value. Marketing involves contact with and
delivery to buyers, product inspection to ensure expected quality, and the financial
transactions through which goods are purchased. In some cases, these buyers or their
clients may be processors where secondary products are manufactured, packaged,
and distributed. It is important to note that each of these segments are supported by
agricultural and food processing technologies and that these technologies improve
production and processing efficacy, allowing for substitution of inputs and man-
agement strategies over time. Long-term planning allows ecosystem refinements
as described by Hill [4] as well as iterative substitution by more advantageous and
affordable inputs.

Along these key agricultural commodity value chains, critical “enablers” advance
agricultural transformation. Among these are greater use of digital tools for timely
and accurate decision-making; judicious implementation of tax benefits and other
government incentives for wider scale agro-ecological goals such as those related
to climate action; investments in irrigation and mechanized practice for reducing
risks and drudgery; greater protection from harvest losses; and improved access to
markets, value added processing and exporters. Again, each of the modernization
objectives is supported by a “technology toolkit” that allows for substitution of input
products and management practices that reward land managers and practitioners
over time.

Overall, the value chain for animal enterprises is very similar to that of crop
enterprises (Figure 2) but has important differences in its details. For instance,
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Figure 1.
Modernized generic agricultural crop value chain and expected outcomes.
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Modernized generic animal enterprise value chain and expected outcomes.

long-term planning relates to the stewardship of large rangeland areas under increas-
ing threats of degradation by climate change. Similar concerns exist for waste disposal
and greenhouse gas emissions from poultry houses and fishponds. Breeding strategies
are also enacted over many years. Seasonal adjustments include the needs for contain-
ment structures and improved feeding systems. Production inputs such as vaccines
and feed supplements require short-term and recurrent consideration. Unlike for
crops, animal establishment, production and harvest are not necessarily sequential,
most particularly for birds and fish. Herd improvement is continuous in nature but
mating and birthing of livestock are seasonal. Demand for housing protection, feed
and health care remain constant throughout the year. Animal slaughter involves more
stringent moral and public health considerations than for crop value chains. Because
livestock produce is readily perishable, post-harvest, marketing and value addition
are closely linked to cold storage. The distinctive implications of modernizing tech-
nologies for small-ruminant enterprises in Africa are explained later in this Chapter.
While this paper primarily examines value chains from the perspective of the
technologies they deliver and how they change over time, it does not ignore the key
actors within them such as farmers and their workers, traders and wholesalers, and
processors and retailers. These primary actors are owners of raw, semi-processed or
finished products, steadily moving them toward consumers. Equally important are
actors that assist in agricultural planning and investment, producer associations and
the manufacture, distribution and sales of production inputs and equipment. Asa
rule, the more complex a value chain and its associated technologies, the more actors
it engages. When producers sell directly to consumers, its value chains are simpler
and actors fewer, becoming increasingly longer and more complex when goods are
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Key value chain actors within a developmental context and their various roles.
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transported, traded, and processed across greater distances. Farmers must under-
stand the roles of other actors within their value chains, so they work effectively with
them. In the context of this Chapter, this particularly relates to private sector actors
who distribute and market modernizing technologies. Generally, actors most able

to benefit from value chains are more entrepreneurial and better communicators.
Figure 3 describes the important value chain actors and their various roles. Upstream
actors have the responsibility of securing agricultural futures and advancing new
production technologies while downstream actors ensure product quality, add value,
and anticipate consumer needs.

3. Cassava technologies

Cassava is one of the most important crops for food and nutritional security in
the humid African tropics. It is also an agro-industrial commodity for processing and
trade within world markets. Cassava farmers in Sub-Saharan Africa suffer yield losses
of 12-23 million ton of fresh roots per year worth US $1200 to $2300 million [11].
The main reasons for shortfalls in production are disease and pest damage, reliance
upon unimproved planting material, inappropriate fertilizer management and poor
weed control. Further value is lost due to the untapped potentials for biofortification,
improved post-harvest handling and agro-industrial processing. Ten technologies are
recognized that serve to modernize production and processing of cassava in Africa [12].

3.1 Cassava varieties resistant to disease and pests

Production of cassava by farmers in Sub-Saharan Africa is widely limited by perni-
cious viruses such as cassava mosaic disease and cassava brown streak disease [13]. Many
recently released improved varieties also withstand bacterial blight, green mite, and
mealybug, offering major advantages to producers. For example, widespread adoption of
improved varieties in southwestern Nigeria improves tuber yield by about 40% [14].

3.2 Higher dry matter and starch contents

The amount of dry matter and starch in cassava roots greatly influences their value
in terms of agro-processing options. Cassava varieties are now available that have
root dry matter contents of 40-45% [15]. Greater starch content translates into better
nutritional value and higher selling price.

3.3 Golden-fleshed cassava

Conventional and advanced breeding approaches resulted in the increase of pro-
vitamin A content in cassava, offering substantially improved nutrition within rural
communities [16]. Roots of “golden” yellow-fleshed cassava are rich in a beta-carotenoid
that give its characteristic color. The sales price for golden cassava roots on markets in
Sub-Saharan Africa is up to 20% higher than that of white, non-biofortified types.

3.4 Stem bulking enterprise

Cuttings from cassava stems are the most commonly used planting material by
African farmers because this kind of propagule can be gathered from previous crops,
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it sprouts quickly and reliably, and allows ever-increasing areas of land to be culti-
vated. Under optimal crop and soil management, it is possible to multiply cassava
cuttings in only six to 10 months’ time. In general, each cutting may be produced and
marketed for as little as US $0.02 each, and sold for up to US $0.04 each, and up to
24 cuttings may be produced on 1 m?, resulting in revenues of US $4800 per ha [12],
above and beyond tuber yield.

3.5 Semi autotrophic hydroponic multiplication (SAH)

This technology involves turning cuttings of cassava roots into small plantlets. A tray
of ready-to-market product typically contains 12 to 48 plantlets that can be covered,
stacked, and packaged for transport. Multiplication facilities for SAH with an area of
40 square meters can produce 75,000 plantlets per month that are sold for US $0.07 to
$0.10 per piece [12]. SAH allows for more rapid introduction of improved varieties.

3.6 Specially blended fertilizers

Mixes of common inorganic fertilizers have been specifically developed for cas-
sava and other root crops that create balanced availability of nutrients for the crop’s
below ground production. Fertilizing cassava with the correct balance of nutrients
at the right time and placement improves the productivity and quality of tubers, and
strengthen resilience to drought, and pests and diseases, while avoiding undesired
losses to the environment. Smaller, more labor-intensive blending systems may be
developed for localized operations, and even operated as a community-based opera-
tion once specific formulations are known and component ingredients mobilized [12].

3.7 Mechanized planting and harvesting

Mechanical planters can plant 7 to 10 hectares daily, making it much faster and less
expensive than manual planting. Similarly, mechanical lifters can harvest up to 3 to
5 ha of cassava in a day. Mechanical harvesters range in complexity from simple lifters
to multipurpose tractor attachments that lift, shake and gather roots from multiple
rows. Mechanical planting and harvesting greatly reduce labor bottlenecks that
undermine cassava production [12].

3.8 Cassava weed management

The wide spacing and slow initial canopy development in stands of cassava make it
susceptible to weed encroachment during early cultivation. The “Six Steps” approach
is a complete package for weed management that incorporates multiple key control
measures, including site selection, weed identification, herbicide application, tillage
operations, plant spacing, and post-emergence weeding. Weed removal following this
method costs US $28-46 per hectare. Well-weeded cassava provides 30-50% greater
root yield than a poorly weeded operation [17].

3.9 Cassava peels for animal feed

Processing cassava roots into food products results in massive amounts of peels.
Typically, 1 ton of fresh cassava roots results in 200-300 kg of peels. Peels made
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into mash or meal can serve as an ingredient for feed formulations of poultry, cattle,
and other livestock. The crude protein content of cassava peel animal feeds is low,
amounting to only 4-6% for wet meal, but the starch content is high at 77-78%

[18]. Processing cassava peels provides a low-cost, energy-rich feed that is ideal for
substituting higher-cost cereals in feed blends.

3.10 High quality cassava flour (HQCF)

Roots of cassava are made into HQCF through a series of industrial steps and is
suitable for manufacturing a wide range of foods. Flour blending allows for partial
substitution of wheat flour and other imported foods. HQCF requires fresh roots with
high dry matter and starch content and needs to take place within a day or two after
harvest. HQCF is a gluten-free product that can be used within non-allergenic foods,
a market segment that attracts rapidly growing global demand [19].

4. Wheat technologies

Sub-Saharan Africa produces only 30% of its own wheat. This massive reliance
upon imports creates a crippling but largely unnecessary trade imbalance, resulting in
allocation of foreign reserves that might otherwise be directed toward more strategic
developmental purpose. Geographic information, simulation modeling and economic
analyses indicate that less than 10% of the potential for profitable wheat production
is currently exploited on the continent [20]. Intensifying and growing this sector
along the lines of agricultural redesign [4] requires changes in attitudes and policy,
and developing reliable value chains for seeds, production inputs and equipment, and
output markets. Ten technologies hold great promise for increasing the production
and processing of wheat in Africa [21].

4.1 Heat and drought tolerance

Heat and drought stress are two major constraints to wheat production in Sub-
Saharan Africa. Diurnal temperature spikes above 36°C undermine flowering and
grain filling leading to low yields or crop failure. Recently developed varieties of
wheat that withstand heat offer real opportunity to expand wheat production [22].
Farmers can now grow the crop in non-traditional areas such as drylands in the Sahel
characterized by temperatures of 30-40°C and rainfall below 250 mm, or in savanna
areas currently targeting maize. Costs for seed multiplication are low since the crop is
self-pollinating.

4.2 Rust resistance

Yellow rust and stem rust are devastating diseases in major wheat production
zones of Sub-Saharan Africa [23, 24]. Wheat varieties that are resistant to yellow
rust and stem rust now exist that can be grown at the same planting density and
agronomic recommendations as other cultivars. In some cases, fungicide spraying
may also be required to ensure season-long protection of the crop. Producing wheat
resistant }o rusts costs about US $440 per hectare and grain yields commonly exceed
4tonha™.
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4.3 Hessian fly control

Wheat in Northern Africa is threatened by infestations of the Hessian fly
(Mayetiola destructor), and this pest is increasingly common in Sub-Saharan Africa
as well [25]. The larva of this insect causes substantial losses, mostly by feeding on
the growth apex. Planting wheat varieties that possess a natural defense mechanism
against the Hessian fly larvae and releasing and promoting natural enemies are two
highly effective control methods for this pest [26].

4.4 Expanded irrigation

Growing wheat during the cool season in African drylands, referred to as “winter”
production, avoids adverse effects of heat stress and allows production of two or more
crops in a year. Low rainfall during the cool season requires irrigation for which effi-
cient options are available [27]. The success of irrigated wheat production in several
“breadbasket” regions of Africa offers great promise to advance self-sufficiency and
reduce expensive importation.

4.5 Raised bed cultivation

Furrow irrigated, raised bed cultivation is a technique that enhances water use
efficiency and avoids waterlogging. Beds and furrows are relatively easy to construct
with locally available tools and can be maintained for several growing seasons.
Compared to conventional flood irrigation, water use efficiency in raised beds
improves by about 25% as the wetted area is less [28]. These engineered surfaces also
promote the collection and infiltration of rainwater and decrease soil erosion.

4.6 Conservation agriculture (CA)

This sustainable land use technique involves a set of soil and crop management
practices that offer major advantages for wheat production [21]. The strategy has
alow implementation cost, saves on fertilizer, labor, and irrigation, and provides
higher, more stable yields and profits under reduced rainfall. Practicing CA is based
on reduction of soil disturbance, residue retention of the previous crop, and timely
weed and fertilizer management. Different types of no-till seeders are available,
including manually or animal power devices and small to large tractor-drawn
attachments. Adopting CA enriches soil biodiversity, reduces gaseous emissions,
and sequesters carbon in soils, benefiting the environment and mitigating climate
change.

4.7 Integrated pest management strategies (IPM)

Combinations of varietal, cultural, biological, and chemical methods for crop
protection reduce yield damage and costs for farmers. IPM strategies involve carefully
selected techniques that are tailored to local conditions. A wide range of biological
measures are available that target pests. A full IPM package that includes increased
fertilizer, precision herbicide application, and seed treatment costs about US $515 ha™
[29]. Adopting these strategically bundled technologies boosts average productivity to
by 3.5-4.8 ton ha™.
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4.8 Combine harvesters

Motorized equipment that cuts wheat crops and separates grain are available in a
broad range of sizes, from small units that can handle a few hectares per day to very
large units for major operations that harvest several hectares per hour. Smaller units
with a cutting width of 1.2 m cost as little as US $12,000. Harvesting cost is about US
$25 to $33 per hectare, or US $4.7-9.2 per ton of grain [30]. Costs of cutting, thresh-
ing, straw disposal, winnowing and overall grain losses during harvest are substan-
tially reduced by combine harvesting.

4.9 Hermetic storage bags

This technology greatly reduces post-harvest loss of grain by using sealed bags that
exclude air and moisture, creating an environment that is non-conducive for insects
and rots. The bags preserve the quality of grains and obstruct the entry of insects
and microorganisms through depletion of oxygen levels and accumulation of carbon
dioxide. Threshed grains are dried and placed into high-density polyethylene bags.
Wheat grain can be stored for up to 2 years with this preservation technology. The raw
material and labor to manufacture hermetic grain storage bags costs between US $1 to
$1.5 per piece and are sold at US $2 to $3 by suppliers [21].

4.10 Flour milling

Small- to large-sized equipment for milling and blending are available that allow
manufacturing of premium wheat flour near to production areas. There is a wide
range of equipment for sorting wheat based on size, shape, and density of grains, as
well as cleaning and annealing. A mill with an output capacity of 300-500 kg flour
per hour costs around US $3500. Fully automatic flour mills with a capacity of 30 ton
flour per day are sold from US $38,000. Modern equipment achieves high recovery of
flour at 80-82% and 18-20% bran, much higher than traditional techniques [21].

5. Small ruminant Enterprise

Raising goats and sheep is an important source of food and income across Africa.
These types of livestock are easy to rear, multi-purpose and valuable, especially
within subsistence and pastoral communities. Small ruminants supply protein in
form of meat and milk, generate income for their owners and create employment for
millions of others in the value chain as herders, traders, butchers and processors. Ten
technologies are most important to intensify small ruminant production systems in
Africa [31].

5.1 Herd improvement through community-based breeding

Traditional breeds of goats and sheep exhibit useful adaptation to environmental
stress and partial resistance to common diseases but are often lower in meat and
milk production compared with improved breeds. A community-based approach
to breed improvement builds upon these traits of interest relying upon hardy stock
performance [32]. Herds of selected ewes (female sheep) and does (female goats),
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and a few recognizably superior rams (male sheep) or bucks (male goats) are steadily
improved through community-based action. This approach creates an enabling
environment for goat and sheep enterprise that strengthens local cooperatives and
market linkages.

5.2 Reduced overgrazing and rangeland rehabilitation

Rising population and increasing demand for animal products place excess
pressure on land leading to overgrazing and rangeland degradation. Climate change
exacerbates this situation, yet technologies exist to conserve and restore rangelands.
Successful management involves monitoring the vegetative growth of grazing areas
and level of water points; and regulating herd numbers and movement. Available
technologies to combat rangeland degradation include rotational grazing, afforesta-
tion, fodder production, soil and water conservation, and policy interventions [33].
Appropriate stocking density reduces overgrazing and allows for land recovery.

5.3 Small ruminant containment

Housing protects animals from inclement weather and provides better feed,
waste management and biosecurity conditions. A shed can be built from locally
available materials such as timber, bamboo, or lumber off-cuts in combination
with wire and fencing. These sheds usually include access to nearby daytime graz-
ing. Proper shelter includes feed and water troughs that may be wooden, metal or
plastic, sometimes fed through automated devices. Where farmers have access to
inexpensive wooden posts and planks, a suitable shed can be constructed for as
little as US $200. More elaborate buildings are constructed for about US $20 per m?.
Every young goat or sheep protected through improved housing reflects a savings of
about US $150 [31].

5.4 Pasture improvement

Pastures are tracts of land producing fodder grass and other vegetation for con-
fined and free-grazing animals. Usually such parcels are fenced and receive inputs
such as fertilizers and irrigation. Several approaches are followed in the establishment
of pastures such as control of weedy patches, partial land disturbance and sowing of
improved grasses and legumes, under sowing croplands with grazing plant species
allowing for the establishment of crop-pasture rotations, and establishment of shrub
hedgerows along pasture margins. The cost of new pasture establishment is approxi-
mately US $500 per ha, offering additional feed worth between US $250 to $500 per
ha per year over the next many years [31].

5.5 Cut-and-carry fodder systems

Cut-and-carry describes a system where feed is gathered and offered to con-
fined animals. It facilitates more efficient feed management by reducing wastage;
but also places greater demand on labor and nearby vegetation resources. It also
secures maximum advantage from crop residues and seasonally available vegeta-
tion. Under this system, a lamb worth US $80 consumes fresh chop worth $30,
supplements and medicines costing $40 and then produces meat worth $250 over
six months [31].
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5.6 Short-term fattening

Goat and sheep finishing involves intensive and nutritious feed regimes that
promote fast growth, attaining desired carcass growth and quality. It maximizes the
value of livestock with minimum time and space, which offers a business opportunity
through value addition of purchased stock. It requires moderate investment and offers
minimal risks; allowing peri-urban dwellers to become engaged in small ruminant
value chains. Young adult animals are purchased and finished to slaughter weight by
limiting their movement and providing them with a concentrated diet [34]. Fattening
is readily visible, resulting in a profitable cycle of 3-6 months, often targeting festive
seasons. This practice in turn creates increased demand for fattened animals and
more rapid turnover of stock [34]. This operation may be repeated three times per
year over several years once facilities are secured, offering an estimated profit margin
of US $ 149 per sheep [31]. Fattening operations are associated with a transition
toward raising larger animals [35] and increasing asset ownership [36].

5.7 Universal vaccination against diseases

“Peste des Petites Ruminants” (PPR) is a serious disease of goats and sheep across
Africa. This is a fast-spreading viral disease with high mortality rates, especially
among younger animals. Its symptoms are rapidly elevated body temperature, with
affected animals displaying discharges from the eyes and nose, sores in the mouth,
troubled breathing, coughing, and foul-smelling diarrhea [37]. There is no cure for
PPR but vaccination is available to protect herds. The vaccine is thermostable and
inexpensive, costing US $0.5 to $1 per animal [31]. It is also important that all pro-
ducers be aware of this disease and isolate any infected animals at an early stage of
development.

5.8 Manure processing

Goat and sheep manure has economic value but realizing market opportunities
requires expertise. Some advantages of manure from small ruminants are its relatively
high and balanced nutrient content, and naturally pelleted form. These may be
applied fresh to soil without damaging plants, or as a mulch or compost ingredient.
Commercial technologies are available to produce organic fertilizers from manure.
After composting, production involves crushing, granulating, drying and screening
for pellet uniformity. Processed manure is sold for US $200 to $1500 per ton depend-
ing on the level of processing and quality of packaging [31].

5.9 Humane slaughter

Humane slaughter refers to the killing of an animal instantly or rendering it insen-
sible until death follows, without pain, suffering or distress [38]. When slaughtering
animals for food, they must be stunned by electricity prior to bleeding out so they
become quickly unconscious. Another approved method of stunning involves percus-
sion bolt pistols. Humane slaughter is based upon principles of animal rights whereas
those with utility as human food have moral worth and must be protected from
unnecessary suffering. Modest investment of US $2000 is adequate to set up humane
slaughter, allowing an abattoir operator to earn a profit of US $15 to $20 per animal as
they operate in regulatory compliance [31].
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5.10 Hide curing and secondary leatherworks

Hides are a valuable product from livestock production. For this value to be
realized, animals and their hides must be properly treated, and artisans require skill
sets and appropriate materials. Hides are processed by local communities, stockpiled,
sold, and fabricated by leatherwork industries into a variety of products for both
domestic and export markets. Foremost among those products are shoes, handbags,
and leather clothing, with premium value obtained through greater craftsmanship. A
modest investment of about US $1000 establishes a local leatherwork business [31].

6. Small-scale farm mechanization

Small-scale mechanization is the key to reducing drudgery and increasing pro-
ductivity among African farmers. For too long, farming in Africa remains regarded
as a path to poverty rather than a profitable agribusiness. This is due in large part
for dependency upon tedious hand labor, poor returns to effort and lack of invest-
ment into farming systems. A wide range of small-scale equipment is available to
improve returns to labor and change this poor image of farming. This equipment
serves the entire value chain including tillers, power weeders, power sprayers, soil
augers, irrigation systems, multi-crop threshers and a host of other equipment
that are becoming commercially available for the first time [39]. An example of
modernized post-harvest and processing technologies is the axial-flow thresher
and GEM parboiling system. The thresher may be locally fabricated and results
in high quality milled rice while the parboiler uses rice husk as fuel, is smokeless
and produces a rapidly prepared grain [40]. Description of eight other important
machinery follows.

6.1 Hand tractors for land preparation

Hand tractors are two-wheeled machines that range in power from 5 to 20 horse-
power. They are most often attached to a rotavator that tills soil, but other attach-
ments are available, including those that create furrows and plant and bury rows.
These tractors are guided by handlebars that provide control over their direction.
High-power hand tractors can break new ground and dry, crusted soil, while the least
powerful ones are best suited to preparing previously cultivated soils. Depending on
the source and size, these tractors cost between US $200 and $1500 [39].

6.2 Mechanized weeder

Two basic types of power weeders are available; ones that are worn on the opera-
tors back where weeds are cut and buried to shallow depths through arm movement,
and others that resemble small walking cultivators that pass between crop rows (i.e.,
mini-cultivators). These machines require skillful use and maintenance so that crops
are not injured and equipment remains in good working order. Using mechanized
weeders, it is possible for a single operator to greatly reduce weeds from 0.5 to 1.0 ha
per day. These units are available at a cost of US $200 to $380 each, depending on
the size of the engine and the number of different attachments included with the
purchase [39].
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6.3 Power sprayers

This equipment is used to apply herbicides, pesticides, and fertilizers to crops.
Sprayers range in size from portable units, to towed sprayers that are connected to a
tractor, to self-propelled units with boom mounts many meters in length. Backpack
sprayers are extremely useful in agricultural applications. These machines are easy to
carry and use, but require that they be used with skill and caution. Power backpack
sprayers cover about 0.5 ha per hour and cost about US $250, with larger and more
expensive trolley options also available [39].

6.4 Earth augers

Also called post-hole diggers, this machine can be used to make planting pits and
basins that collect rainwater. It consists of an engine powering a vertical shaft that
rotates screw blades to displace soil, resulting in a cylindrical hole. A skilled operator
can prepare a 40 cm deep hole of 25 to 30 cm wide in less than a minute, much faster
and less strenuous than excavation by hand. Commercially available earth augers sell
for about US $230, including an assortment of screw blades [39].

6.5 Drip irrigation

This system slowly delivers water onto the roots of plants in a way that strategically
places moisture and minimizes evaporation. Drip irrigation distributes water through
a network of valves, pipes, tubing, and emitters that operate at a relatively low water
pressure. While complicated in design and expensive to install, the savings in water
and yield improvement are substantial. One hectare of land can be placed under
drip irrigation for about US $2400 [39]. The technology is typically associated with
horticulture production but is also applicable to staple crops.

6.6 Rain guns

Imitating natural precipitation, this technology involves extended “water throw”
through a sprinkler. Rain guns can cover large areas of field from relatively few sta-
tions and are portable which allow them to be moved between field locations accord-
ing to needs and schedules. These guns require high water pressure and flow and can
project water for up to 60 m in distance, covering a circular area of 1.1 ha. Its coverage
is adjustable in terms of distance, droplet size and completeness of circular angle,
with 360° projection most common. A complete rain gun irrigation system, including
a high pressure pump, may be purchased for about US $670 [39].

6.7 Mechanized threshers

Unlike traditional hand separation of seed and grain from crops, this power
equipment is more time-efficient and less laborious. Thresher machines are powered
by small engines and consist of a feed chute that results to a spinning drum where
crop residues are separated from seeds, and then a blower that removes lighter chaff.
Operators put in dried harvest materials and can process between 150 and 500 kg of
product per hour. Multi-crop threshers that handle numerous crops or specific ones
for maize are sold by suppliers for about US $780 [39].
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6.8 Residue cutters and choppers

Motorized processing of stover is ideal for mixed crop-livestock farming, particu-
larly where wastes are plentiful and underutilized. Small, motorized cutters are easy
to move, allowing residue recovery from several hectares in a day. Use of motorized
choppers and crushers make it possible to provide suitable feed and mulch for soil
cover while saving time and effort. Depending on the model, throughput capacities
range from 1 to 1.5 ton of stover per hour and cost between US $1000 and $1500 [39].

7. Value chains in African agricultural transformation

Major efforts are underway to transform African agriculture [7]. This goal is
extremely complex [9] as it involves different value chain segments and the technolo-
gies they depend on [8]. This chapter describes these value chains in terms of key
modernizing technologies and the manner they benefit approaches to efficiency,
substitution, and redesign over time [4], focusing upon four distinct models of value
chains supporting cassava, wheat, small ruminants, and small-scale farm machinery.
Cassava illustrates a value chain that strengthens primarily through the process of
substitution [4] in that it progresses through the iterative introduction of a stream of
different technologies along an entire value chain over time. Earlier in this Chapter,
we describe 10 key technologies critical to this progress that are positioned along the
entire cassava value chain. A net effect of modernizing the value chain is a transition
of cassava from a subsistence crop to an agro-industrial export commodity [11]. The
substitution of wheat in the bakery industry by high quality cassava flour is critical
to reduce wheat import across the continent. At the same time, the technologies are
suited to a wide variety of farmers, allowing them to adopt what is suited to their
household and socio-economic needs. Many other agricultural commodities follow
this pattern such as rice, maize, and sweet potato, where new technologies are stream-
ing toward agricultural input supply markets in response to improved agricultural
production strategies.

Wheat is a different case in that its introduction is largely the result of the
intended redesign of agricultural systems. Admittedly, wheat is grown in the African
highlands, and it represents an important commodity there, but the demand for
wheat products in Africa greatly exceeds what can be produced. This led to massive
imports that burden many economies, and the best solution is to greatly expand
wheat production to new, warmer areas. The recent availability of heat tolerant variet-
ies opens this possibility but only in conjunction with other accompanying production
inputs and management strategies. Many African countries are now looking at ways
to grow these new varieties of wheat in places traditionally reserved for other cereals
[20]. The possibility of producing irrigated wheat in the Sahel during the relatively
brief cool and dry season will have profound effects upon entire economies, but to
achieve this vision requires that entire technology toolkits be adopted [21]. Growing
wheat in rotation with maize and sorghum in sub-humid areas raises similar oppor-
tunities. The importance of mechanized bed preparation, planting, and harvesting
suggests that larger, commercial operations are better positioned to enter new wheat
production. Conservation Agriculture practices and their focus upon residue man-
agement and herbicides reinforces this likelihood. The challenge is to design wheat
production systems that do not exclude smaller-scale producers, and this is achieved
in large part by the availability and packaging of key production inputs and the ability
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of households to work together through collective operation of equipment. In much
the same way, soybean is a commodity requiring strong elements of production
system redesign [4] and offering strong agro-industrial economic advantages.

Another critical agricultural value chain is that of goats and sheep, and the
technologies that support its transition from pastoral subsistence to commercial
enterprise. Great effort is devoted to planned improvement of these systems as they
are often situated within fragile drylands. Most of this improvement is related to
assuring reliable supply of feed and water and building the quality of animal herds
with time. To a large extent, this improvement relies upon collective management,
but many key products related to health and feeding of animals become increas-
ingly important. An important gain becomes disease prevention through veterinary
products and services. With time, animals progressively move toward greater care by
their managers in terms of protective confinement, feeding and health protection.
Intensified management results in faster weight gains and improved meat quality.
Processing crop residues into feeds, and supplementing them with blended grains,
vitamins and minerals becomes a separate economic activity, as does short term fat-
tening, resulting in greater differentiation along the value chain. This in turn results
to de-risking of these value chains, leading to more sedentary lifestyles and higher
standards of living.

Small-scale farm machinery is a distinctive value chain. Power equipment are
not a commodity in themselves, but rather provide labor saving services along the
production and processing value chain that are critical to the modernization of small-
scale farming operations across Africa. Virtually every task currently performed by
hand labor may be accomplished with greater ease by machine; be it tillage, weeding,
planting, pest control, threshing and chopping. Note that these tasks are spread along
the value chain, suggesting that these services are performed by different machines
throughout the season. The ease of machine operations is extremely important to
re-attracting youth to career paths in agriculture, a crucial component to the larger
agricultural transformation equation. The challenge before the agricultural develop-
ment community is how to make these machines more available and affordable to
less affluent farmers, suggesting that collective ownership or service contracting
may be in order. Many of these less affluent farmers serve as laborers on other farms,
delaying the preparation of their own lands. Access to machinery helps to resolve this
inequity.

The proportions of different modernizing technologies across key commodities
reveal the importance of balance between new and better varieties and breeds,
production inputs, improved management practice and agro-processing innovations
(Table1). In large part, crop improvement is a lead innovation, but without good
use of accompanying production inputs and management practices, the returns to
investment from improved germplasm is reduced. At the same time, agricultural
intensification requires that value be added to crop surpluses, and these require
processing innovations. A weakness is found in the inconsistency of digital tools, with
some commodities supported by relevant tools and others not. Across all six com-
modities under discussion, the distribution of modernizing technologies in support of
value chains in sub-Sahara Africa is Production Input Product > Genetic Innovation
Product > Agricultural Management Practice > Agro-processing Innovation > Digital
Support Tool.

A unique framework to assess yield improvement for different commodities
undergoing agricultural transformation in Africa is presented in Table 2. In this case,
the nature and cost of improvements are compared to the resultant yield increase to
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Commodity Genetic Production Agricultural Digital Agro-processing
innovation input management tool Innovation
product product practice
f
Cassava 0.25 0.25 0.08 0.17 0.25
Rice 0.30 0.30 0.10 0.10 0.20
Maize 0.30 0.50 0.10 0.10 0.00
Wheat 0.30 0.20 0.40 0.00 0.10
Soybean 0.20 0.30 0.20 0.00 0.30
Goats & sheep 0.10 0.30 0.30 0.00 0.30
All commodities 0.24 0.31 0.20 0.06 0.19
Farm machinery 0.00 1.00 0.00 0.00 0.00
Table1.

The proportion of priority modernizing agricultural technologies based on commodity and type.

Commodity Improvement Increased cost Yield increase Cost per ton
(US$ perha) (ton per ha) increase (US$
perton)
Cassava improved cuttings, increased $614 234 $26
fertilizer, mechanized harvest
Maize additional N topdressing, $76 0.70 $109
additional grain bags
Rice irrigation and additional $159 1.20 $133
fertilizer, additional grain
bags
Wheat adapted seed, additional $440 247 $178

fertilizer, mechanization,
irrigation, additional grain
bags

Soybean inoculant, blended fertilizer, $91 0.62 $147
herbicide, additional grain
bags

Table 2.
Approaches and costs of yield improvement, vesultant increase and the cost per ton of yield increase for five key
commodities in Sub-Saharan Africa.

calculate the cost per ton of yield increase. In these scenarios, cassava requires consid-
erable investment but results in considerable yield improvement, in part because the
harvest of tubers is relatively high in moisture. This investment requires introduction
of 10,000 cuttings of improved cuttings per ha, application of an additional 200 kg
per ha fertilizer and conversion to mechanized lifting of tubers but is more than offset
by massive increase in tuber yield. Cereals benefit from nitrogen topdressing (maize),
irrigation and fertilizer (rice) and system redesign (wheat), resulting in yield
increases ranging from US $109 to $178 per ton. Considering the world price of these
commodities and the need for their massive importation to Africa, intensification of
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cereal production through strengthening value chains remains an important devel-
opmental objective. Substantial increases of soybean yields result from combining
legume inoculant, blended fertilizers and pre-emergence herbicides, all production
inputs that require the establishment of input manufacturing capacity and expanded
delivery capacity. Note that both wheat and soybean require considerable redesign of
current cropping systems as these are for the most part introduced crops in areas of
expanded production, and not well known to producers.

8. Positioning technologies within development projects

As small-scale farmers continue to move toward commercial farming practices,
their level of engagement with value chains continues to grow, and this is a unify-
ing principle underlying agricultural transformation. This reliance also requires
accompanying support to and from governments and successful integration of key
technologies through value chains via development projects becomes a critical piece
of the transformation equation. Projects awarded by multilateral donors such as the
World Bank, African Development Bank and International Fund for Agricultural
Development among others, provide loans and grants to countries to modernize
agriculture as highlighted in Figure 4. Positioning the right mix of commodities and
technologies within those projects becomes critical to their success, as is the meaning-
ful inclusion of the various value chain actors depicted in Figure 3.

The Technologies for African Agricultural Transformation (TAAT) Project [8] led
by IITA in collaboration with several other research and development organizations
[9] serves as a mechanism to identify and promote proven modernizing technologies

Processing technologies are advanced for wealth RED Open invitation for holders to contribute their proven
creation, import substitution and export potential transformative agricultural technologies

Marketing and value addition Collaboration with development
technologies promoted among Technology partners to selectand promote
agro-processors ‘ processors IDan 3 mduce,—;' needed technologies

Promotion @

' ) Marketing Services ntreach Modernized agricultural

Wealth and jobs creation 1
through value addition |
and export of increased |

roduction promoted
agricultural production and Value and ph h r Itural
1 Addition Extension through agricultural
1 Partners A z extension campaigns and
Greatly increased Integrated ctions innovation platforms
production results from Agricultural Assisted start-up of key
widespread adoption of Development agribusinesses through
modernized agriculture | Agro- Program Financial links to investment and
I input and Incentives policy reform

Improved varieties and' Mechan- to
. blended fEI‘t"i'dlE:'s . o ;zam?n T, Mod?miz— Financial institutions
acome more Wilsly g \ Suppliers hareg ation recognize opportunity in
available to producers I

Agm" providing a wider assortment
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Figure 4.

farming input supply
A stepwise model of coovdinated roll-out of modernizing agricultural technologies.
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and to systematically match them to the projects of development organizations.

This is a relatively new function of the CGIAR (formerly the Consultative Group for
International Agricultural Research) as it seeks to work more effectively with national
counterparts and Sub-Regional Organizations [41]. These development projects must
engage and benefit three parties: rural communities, the private sector and govern-
ment agencies [42]. Their design and implementation requires problem-solving

and strong alliances with clear agreement on which difficulties exist and how best

to resolve them, and TAAT offers growing expertise in this area. Examples of how
TAAT has contributed to the design of several value chain interventions within recent
projects follows (Table 3).

8.1 Multi-sectoral Approach for Stunting Reduction Project (MASReP)

This Ethiopian project advances agricultural technologies related to value addi-
tion to sweet potato with particular focus upon pregnant and lactating women and
children under 5 years old.

8.2 Projet d’ Appui au Programme Graine Phase 1 (PAPG1)

This project in Gabon focuses upon multiplication systems for cassava and plan-
tain, including the capacity development of national partners. This effort includes the
rehabilitation of two laboratories for SAH production (see Section 3.5) and building
capacities in developing and multiplying new cassava varieties [12].

8.3 Agricultural Markets, Value Addition and Trade Development Project
(AMVAT)

AMVAT addresses fundamental constraints to agricultural growth in South
Sudan by taking an agricultural value chain approach in support of maize, sorghum,
groundnuts, and sesame. The project works through 20 aggregation centers, 100 pro-
ducer associations and 10 seed enterprise groups. It also provides food safety training.
TAAT assists with the maize and sorghum value chains.

8.4 Program to Build Resilience for Food and Nutrition Security in the Horn of
Africa (BREFONS)

This regional project operates across several countries (Djibouti, Kenya, Somalia,
South Sudan, and Sudan) and select value chains (maize, millet and sorghum,
livestock). Technologies holding commercial potential include climate-smart maize
and bio-fortified sorghum and pearl millet varieties.

8.5 Le Projet d’Appui au Développement des Chaines de valeurs Agricoles dans
les Savanes (PADECAS)

This project in Central African Republic focuses upon bean and cassava com-
modity value chains. Commercially viable technologies for beans include production
of bio-fortified varieties, seed coating with agro-chemicals, wider distribution of
herbicides, distribution of hermetic bags for safer grain storage, and milling of beans
for use in blended flours. The cassava value chain multiplies plantlets and cuttings;
relying upon imported agrochemicals for pest and weed management [12].
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Development project Investment Commodities Technologies Comment
Multi-sectoral Approach $31 million over 1 3 Sweet potato
for Stunting Reduction 4 years (Ethiopia) value addition
Project (MASReP)
Projet d’Appui au $106 million over 2 4 Cassavaand
Programme Graine Phase 6 years (Gabon) plantain
1 (PAPG1) multiplication
Agricultural Markets, $10 million over 2 5 Focus upon
Value Addition and Trade 4 years (South value addition
Development Project Sudan)
(AMVAT)
Program to Build $138 million over 4 7 Climate-smart
Resilience For Food 5 years (Djibouti, and pest
And Nutrition Security Kenya, Somali, management
In The Horn Of Africa South Sudan) of dryland
(BREFONS) commodities
Le Projet d’Appui au $11 million over 4 7 Cassava, rice,
Développement des 7 years (Central bean, livestock
Chaines de valeurs African Republic)
Agricoles dans les Savanes
en RCA (PADECAS)
Projet d’Appui au $28 million over 3 9 Not including
Developpement Integre 6 years (DRC) five target
de ’Economie Rurale perennial cash
(PROADER) crops
Programme De $70 million over 4 19 Agro-industrial
Développement De 5.7 years (DRC) park pilot
La Zone Spéciale operation in
De Transformation DRC
Agro-Industrielle De
Ngandajika (PRODAN)
Cabinda Province $101 million over 5 29 Cassava, maize,
Agriculture Value Chains 6 years (Angola) aquaculture,
Development Project livestock,
(CPAVCDP) in Cabinda cowpea,
- Angola soybean
Programme intégré $283 million 3 25 Rice, maize,
de développement over 6.5 years wheat
et dadaptation au (9 countries)
changement climatique
dans le bassin du Niger
(PIDACC)
DRC Agricultural $24 million over 6 40 Nationwide
Transformation Agenda 2 years (DRC) agricultural
(DRC-ATA) transformation
program
Total (Mean + SEM) $803 million (32+0.5) (14.8 + 4.0) Average 4.6
technologies
per commodity

Table 3.
Selected agricultural development projects in Africa and their number of component commodities and
technologies.

57



Agricultural Value Chains — Some Selected Issues

8.6 Projet d’ Appui au Developpement Integre de ’Economie Rurale (PROADER)

PROADER promotes a dynamic and prosperous rural economy by improving
agricultural and rural socioeconomic services, and by diversifying and enhancing
agricultural production. It operates in seven Provinces of DRC by providing agricul-
tural extension services and inputs, as well as adding value through agro-processing.

8.7 Programme De Développement De La Zone Spéciale De Transformation Agro-
Industrielle De Ngandajika (PRODAN)

PRODAN is a pilot operation aimed at implementing national policies and strate-
gies for the development of agro-industrial parks in 22 provinces. It is intended to
stimulate growth in the agricultural sector, ensure food and nutritional security for
the surrounding population, and generating sustainable jobs and income.

8.8 Cabinda Province Agriculture Value Chains Development Project
(CPAVCDP)

This Angolan project leverages upon 29 best bet technologies across six key com-
modities (cassava, maize, cowpea, soybean, aquaculture, and livestock) by promot-
ing the introduction of new crop varieties, seed certification, and improved farm
management practices.

8.9 Programme intégré de développement et d’adaptation au changement
climatique dans le bassin du Niger (PIDACC)

This project covers nine countries in the Niger River Basin (Benin, Burkina Faso,
Cameroon, Cote D’Ivoire, Guinea, Mali, Niger, Nigeria, and Chad) and promotes 25
technologies related to rice, maize, and wheat focused upon training of extension
workers and farming communities.

8.10 Agricultural Transformation Agenda in DR Congo (ATA-DRC)

This project includes cassava, rice, maize, bean, wheat and aquaculture value
chains. Through the project, improved crop varieties were introduced through a com-
bined approach to seed systems improvement that includes large state-run farms, local
entrepreneurs, and international seed companies. The project also includes mechani-
zation, agro-processing and youth empowerment activities at multiple locations. Its
immediate goal is to reduce dependence upon wheat imports (see Sections 3 and 4).

Ten development projects appear in Table 3 to describe their number of commodi-
ties and technologies they support. Overall, these projects represent an investment of
US $803 million (mean $80.3 + SEM 26.6 million) resulting from 21 country agree-
ments supporting 32 commodity value chains and 148 technologies. Project participa-
tion ranged between one and nine countries (mean 2.1 + 0.8) and project durations
varied between two and seven years (mean 5.2 + 0.5 years). Each project supported
an average 3.3 commodities (SEM * 0.5) and 14.8 technologies (+ 4.0). When the
number of projects, countries and duration are considered, each country receives
$8.7 + 1.8 million per year (calculated from Table 3). Under these same conditions,
each commodity receives $5.0 + 1.4 million per country/year and each technology
receives $1.5 + 0.5 million per country/year to fund its value chain support. Together
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these projects represent a massive developmental investment that is ultimately
intended to modernize the value chains of key food commodities.

These agricultural development projects follow a variety of approaches in terms
of the number of commodities and technologies they advance, and the relative
importance of capacity development between grassroots and private sector efforts
that support them. The design of these projects and their level of funding depend
upon their objectives, but there appears to be a limit to the number of technologies
per commodity value chain (=4.6 calculated from Table 3) any given project can
advance within a developmental context. This number of accompanying technologies
is considerably less than the number of “toolkit technologies” considered essential to
agricultural modernization (see Sections 3 to 5). In that case, careful consideration
and balance must be applied to the selected technologies within any given project, too
often limited to a few production inputs, or better yet the projects themselves could
be designed in a more comprehensive manner by supporting modernizing technolo-
gies along the entire commodity value chains. In fairness, many of these projects
are designed from a humanitarian rather than a value chain perspective and their
component technologies fully emerge only as they are implemented, suggesting an
important backstopping role for projects such as TAAT [8, 9] and organizations such
as the CGIAR [41].

9. A coordinated approach for rollout of modernized agriculture
technologies

Our promotion and scaling model operates upon the assumption that African
small-scale farmers seek to acquire the best crop varieties and animal breeds for their
production and market conditions, raise them with recommended accompanying
inputs, conduct their production through sound management advice, and do so in
alabor- and cost-effective manner [8]. In this way, agricultural transformation is
the process that leads to increased farm productivity, making farming commercially
viable and strengthening linkages with other sectors of the economy, particularly
agro-processors. This responsibility requires more than simply promoting individual
agricultural technologies within value chains; rather it advances suites of proven
input products, production practices and conducive policies in a coordinated manner
as transferable developmental assets. These Transferable Assets are proven innova-
tions that address known constraints and have high potential for scaling across a
wide range of settings and form the basis for an Integrated Agricultural Development
Program (Figure 4).

Agricultural transformation is carefully designed and sequential. Many needed
technologies are identified through past agricultural research and development
efforts, and more are in the process of refinement (Figure 4). Within the context
of an Integrated Agricultural Development Program, a call is issued to technology
holders across the research and development community, inviting their participa-
tion and technical contributions. These include both production (Figure 4(1a)) and
value-added processing technologies (Figure 4(1b)) positioned along the entire
value chain (Figures 1 and 2). Those production technologies deemed proven and
ready for scaling [43] are promoted through agricultural extension campaigns and
stakeholder innovation platforms (Figure 4(2)). Those technologies deemed most
worthy of investment are offered incentives through assisted agribusiness expansion
or startup (Figure 4(3)). In many cases, this involves strengthened placement within
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value chains through strategic investments within development project activities. As
these businesses gain recognition and clients, banking institutions are expected to
offer further opportunity for investment through an increasing number and volume
of financial instruments and ventures [44].

Providing incentives for and directing the course of that investment is a major
responsibility of the Integrated Agricultural Development Program as a means of
agricultural transformation (Figure 4(4)). A critical next step is the strategic estab-
lishment of agro-industrial centers, particularly those that manufacture and distrib-
ute production inputs and equipment necessary to modernized agriculture. These
Centers must be flexible and scalable, but in general they include seed multiplication
and processing, fertilizer blending and packaging, feed blending for different animal
enterprises, and the fabrication and distribution of machinery needed to eliminate
the drudgery associated with small-scale farming (Figure 4(5)). These Centers may
range in scope and size from modest agribusiness incubations promoting relatively
few enterprises and technologies [45] to colossal Special Agro-Industrial Processing
Zones supported by a consortium of development institutions [46] as either serves
the same modernizing purpose. They not only function to increase the availability of
proven production inputs and equipment, but also to train others in required skills so
that parts of the Center may be propelled by the private sector, leading to a prolifera-
tion of Agro-Input and Mechanization Suppliers. In this way, the Centers operate as
agribusiness incubators and are particularly attractive to youth empowerment efforts.

At this point, an agricultural transformation interface emerges. Improved variet-
ies and blended fertilizers become more widely available to producers (Figure 4(6)).
Greatly increased production results from widespread adoption of modernized
agriculture (Figure 4(7)). Wealth and jobs are created through value addition and
export of increased agricultural production (Figure 4(8)). Value chains are positioned
to more positively interact with the larger agricultural and financial communities to
transform agricultural production in alignment with large national programs. The
immediate effect is to greatly increase production, so it is important to anticipate mar-
keting requirements [47]. This anticipation involves the establishment of commodity
collection points, the distribution of packaging materials, systems of quality assurance
and the scaling of agro-industrial capacities. The impacts of successful application
are measurable over the near- and mid-term. An immediate effect among smallholder
communities is increased food supply and diversity. A mid-term goal is the reduction
of food imports and an increase in agricultural exports, both leading to an increase in
foreign reserves and the creation of decent jobs within the agricultural sector. All these
achievements are reflected in stronger and more diverse commodity value chains.

Finally, a critical element within an Integrated Agricultural Development Program
is the ability and need to undertake agricultural policy reform, particularly as it
relates to investment in modernizing agricultural technologies by the private sec-
tor and client farmers. Opportunities for policy interventions stimulating national
investment appear throughout this model (Figure 4) without being specifically rec-
ognized within this narrative. Strong political will for reform should not be equated
with strong government intervention, as the most effective course of action is often to
allow for greater commercialization through reduced government intervention; albeit
within an enabling policy environment [7]. It is particularly important that govern-
ments do not excessively tax their early transformational successes [48]. This does not
suggest that there are not many needed reforms; particularly those that open the seed
and fertilizer sectors to investment, increase the movement of agricultural inputs
and equipment into and between countries, and in many cases provide the needed
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financing to strengthen rural infrastructure. Instead, it implies the need for more
strategic thought by governments to implement the right policies at the national and
regional levels to support agriculture transformation.

10. Conclusions

This Chapter describes value chains from a technology perspective. This approach
is particularly valuable within the context of development where agricultural systems
are expected to modernize and transform and be able to respond to the economic and
climate shocks we are seeing today. This is the case across all three transitional stages
leading to sustainable management of agricultural systems involving: (1) greater
production efficiency with current resources, (2) strategic substitution with more
potent production inputs and managements, and (3) the redesign of systems that
allows previously unobtainable types and levels of production.

Distinctions were drawn between the cassava commodity value chain, where cur-
rent systems are steadily improved and commercialized, and wheat production in new
production areas across Africa. In the latter case, excessive economic reliance upon
imported wheat creates an economic burden that must be relieved. Similar types of
technologies are required across both of these commodity value chains, but the man-
ner of their integration varies within the scope of systems redesign; and in this case is
much greater for the introduction of wheat as a product of a new and expanding crop-
ping system. Interestingly, cassava flour resulting from agro-industrial processing of
raw tubers can partially substitute for wheat flour; whether that wheat is domestically
produced or imported.

Distinctions were also drawn between crop and animal enterprise value chains,
in this case the intensification of goat and sheep production. The proportions of
technologies as they are divided among genetic innovation products, production
input products, agricultural management practice, digital agricultural tool and
agro-processing innovation provides a technological signature useful to agricultural
development strategies. The need for greater reliance upon mechanization, particu-
larly the use of small-scale farming equipment as a means to reduce unacceptable
levels of drudgery, was raised and a wide selection of these machines were identified
for use across entire agricultural value chains.

Agricultural development projects and the interests that foster them seek to
achieve agricultural transformation across Africa, and this involves the selection,
promotion, and scaling of modernizing technologies. These intentions result from
the resolve to both secure the continent’s food self-sufficiency and to better propel its
agro-industries. These projects are often based upon projected increases in produc-
tion founded upon the potency and adoption of incrementally improved management
technologies and products. This paper presents such modernizing technologies for
cassava, wheat, and small ruminants as examples, but many other interventions
are known [9, 42]. The African Development Bank recently identified the need for
an additional 70 million tons of cereal grain (wheat, maize, rice and sorghum), 30
million tons of fresh cassava (= 10 million tons of cassava flour), 10 million tons of
soybean, and 5 million tons each of domestic animals (poultry, beef, sheep, goats
and swine) and fish (in aquacultural systems) to secure continent-wide food and
nutritional security and to fully launch its agro-industries upon the world stage [49].
Agricultural value chains and the technologies they rely upon and distribute occupy a
critical role in securing this target.
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Chapter 5

Value Chain Analysis of the Street
Food Enterprises in the Rural
Towns of Vhembe District,
Limpopo Province

Tjale Clopus Mahopo, Noxolo Cebisa Nesamvuni,
Azwihangwisi E. Nesamvuni and Johan van Niekerk

Abstract

This study sought to analyse the value chain of foods sold by street food vendors in
the Vhembe district town of Limpopo province. Data were collected using mixed
methods, including structured questionnaires administered via face-to-face inter-
views. Analyses of the value chain activities and actors were conducted among the
stages of street food production. Overall, the enterprise sold commonly consumed
street foods such as porridge, chicken, beef, and local vegetables, targeting govern-
ment employees, school children, and daily town visitors. The value chain analysis
showed that street food activity in the Vhembe district included purchasing, storage,
production, and consumption. The main actors involved in the value activities of the
street food enterprise were inputs suppliers, formal and informal traders, trans-
porters, local authorities, and customers. The profit margin calculation highlighted
that street food vendors purchasing inputs from the informal vendors without any
added expense could make more profit than using formal traders. Future policy
interventions should promote value addition along the food sold in the street, provid-
ing cold storage facilities closer to street vendors' stalls in the towns to encourage
continued and safe production. The most prioritised production constraints should be
addressed, such as access to finance, government support, and managerial skills.

Keywords: demographics, operation characteristics, street food enterprises, street
vendors, South Africa

1. Introduction

The street food trade is an ancient practice [1, 2] common in several countries as a
source of income. It provides inexpensive meals accessible to the population and
represents the culture of typical and local food [3]. The World Healfth Organization
[4] defines street food as foods and beverages prepared and sold by vendors on streets
and other public places for immediate consumption [4, 5]. This definition emphasizes
the retail location on the street, with foods sold from pushcarts, bicycles, baskets or

67 IntechOpen



Agricultural Value Chains — Some Selected Issues

balance poles, or stalls that do not have permanent walls [6]. Millions of people
depend on a wide variety of ready-to-eat foods and beverages sold and sometimes
prepared in the street or public places. Charman et al. [7] conducted a microenterprise
census of five working-class township settlements, demonstrating its solid economic
basis in the trade of food, takeaways, and drink.

Moreover, informal micro-enterprises could address South Africa’s unemployment
challenges and stimulate economic growth in marginalized areas. Hence, it was noted
that Maloney [8] could contribute through the business generation and transfer of
skills and experience to informal workers. Despite some critical research on this topic,
there remain significant knowledge gaps, especially on the value chain of street food
that could create employment and transfer skills. Nevertheless, the increasingly
recognised role of informal food services for food security, especially for poor urban
dwellers [9], understanding activities, mechanisms, and the trade environment within
urban townships remains limited [10].

Thus, street foods have important implications for consumers who enjoy these
foods and street food handlers who handle and serve these foods [11]. However,
increasing population, migration from rural to urban areas, an increase in the number
of women engaging in gainful employment, inflation, and the breakdown of the joint
family system have supported the growth of the street food sector.

Long distances to commute between workplace and home often compel individ-
uals to eat food from commercial outlets. The significance of street foods in contrib-
uting to the food and nutrition security of workers residing away from home in small
towns and cities is widely recognised.

Literature has noted a paucity of data on how the street food chain system is
organized and operated for market nodes, governance, challenges, and food safety
issues. Such information is crucial for understanding the sector, identifying growth
opportunities, and supporting informal economy policies and programs. Along the
street food value chain, problems such as poor infrastructure and lack of financial
assistance hinder the possible benefits that the value chain actors should have
attained. Therefore, there is a need to employ a value chain analysis (VAC) frame-
work to understand the value chain of street foods in the Vhembe district [12, 13]. The
value chain is a range of activities required to bring a product or service from con-
ception through the different phases of production, transformation, and delivery to
final consumers [14]. Then VCA seeks to understand how chain activities are orga-
nized, costs incurred, and benefits shared among chain participants. Its management
is to add value and segment the market with differentiated products designed to
increase profitability at all stages in the chain [14-17]. The value chain also deals with
the institutional arrangement governing the activities, actors, their relationships, the
linkages, and market prices in and out of each actor in the chain [18].

Porter [19] highlights that a firm’s activities business unit is appropriate for
constructing a value chain. Value chains are more complex in the real world and focus on
systems and how inputs are changed into the outputs purchased by consumers [14]. In this
study, we used the stages of street food used by Cortese et al. [16] (Figure 1), highlighting
that a typical agricultural or food value chain consists of chain actors that transact a
product as it moves through the value chain. These actors include input suppliers, farmers,
traders, processors, transporters, wholesalers, retailers, and final consumers [16].

Limpopo province has the highest number of street food vendors, mainly concen-
trated in the Vhembe district ({20, 21]a). For this reason, Vhembe district was selected
for this study to contribute to the body of knowledge on street food enterprise in the
Vhembe district. Most street food vendors are found in public places such as taxi ranks
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Figure 1.
Stages of the street food value chain. (Source: [16]).

and the road [22-24]. The Vhembe district draws special attention in the province
because of a high increase in cooked street foods [20, 21, 25]. The main objective of this
study was to map and analyse the value chain of street foods in the Vhembe district. The
study seeks to identify the major players and the linkages in street food vendors' value
chain. Moreover, we determined the chain's value-added and associated costs from
purchasing to consumption of street food vendors.

To achieve this, we used the six-steps VCA process by Porter [19] to explain the
value chain activities of street food enterprises. The following steps were used in this
study to conduct a VAC of the street food vendors in the Vhembe district rural towns:
firstly, in our previous work [26, 27], we described and defined the product sold by
the street food vendors in the Vhembe district looking at the operational characteris-
tics of the street food vendors (Step 1). This study sought to analyse the value chain of
foods sold by the street food vendors in the Vhembe district town of the Limpopo
province. This was done by identifying the prominent value chain actors, mapping
significant steps (Channels), and analysing the profit margin share of the enterprise
using four different types of plate sold.

2. Material and methods
2.1 Study area

The Vhembe District Municipality consists of four local municipalities: Makhado,
Thulamela, Musina, and Collins Chabane. Botswana in the west, Zimbabwe in the
north, and Mozambique share the borders. It covers an area of 21,402 km? of mostly
rural land. About 32.65% of South Africans live in rural settlements [28]. Due to the
high level of unemployment and poverty, inhabitants of the district have developed
several survival strategies, including the street food enterprise of major trading points
within the local municipalities identified in the towns of Makhado, Thohoyandou, and
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Musina, respectively. The informal sector in South Africa contributes 8% of the
country's GDP and supports 27% of all working people. The Vhembe District has a
population of 14,02,779 people, increasing from 12,94,722 in 2011. According to
Community Survey, in 2016, most of these people resided in Thulamela (4,97,237),
followed by Makhado (4,16,728), Collins Chabane (3,47,974) and Musina (32,009).
Thulamela LM is the most populated Municipality in the district, while Musina LM is
the least populated Municipality (Limpopo Provincial department 2021).

2.2 Field survey: sampling

The field survey was conducted in Makhado, Musina, and Thohoyandou in the
Vhembe District of Limpopo province. The type of sampling used in this study was non-
probability sampling, as the research population is unknown [3, 29]. We used conve-
nience sampling to select 511 street food vendors enterprises in different regions of the
Vhembe district, Limpopo Province of South Africa. The researcher established and
maintained a complete list of the primary unit component from the Vhembe district's
municipalities. However, the municipalities had no records in place of street vendors.
From the intended population of street vendors, the sample size was determined based on
Yamane’s formula of the year 1969 [30, 31]. The formula states that at the significance
level of 90%, the minimum sample size for the unknown population is 100 [30, 31].

A total of 511 street vendors from Musina (168), Makhado (36), and Thohoyandou
(306) towns participated in the study. Only street food vendors selling ready-to-eat or
cooked food participated in the study. A convenient sampling technique was used
considering street vendors' work. Street food vendors were obtained from taxi ranks,
along the main roads, industrial areas, malls, schools, and lastly, between residences'
streets, especially in Musina town.

2.3 Data collection

Data were collected by trained enumerators led by the research team using a
structured questionnaire through face-to-face interviews. The questionnaire captured
socio-demographic characteristics, including age, gender, and education. The quanti-
tative data was collected from the street food vendors by asking them to estimate the
proportion of value flow. Additional information was captured on production, input
sources, storage, transportation mode, institutional support, and distribution of profit
margin. Where possible, figures were obtained through consensus by achieving a
majority. Qualitative data was collected by employing interview with 54 street food
vendors who were available. Additional information generated was stakeholders and
their roles, mapping the stages of street food production. During the sessions, we
explored why street food vendors could not affiliate with an association.

3. Results
3.1 Introduction
The purpose of VCA seeks to understand how chain activities are organised, the

cost incurred, and the benefits shared among chain participants. This section of the
paper reports on the activities conducted to determine the value chain of the street
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Figure 2.
Street food vendors food production chain activities.

food enterprises in the rural towns of the Vhembe district. A step-by-step method was
used to analyse the street food enterprise. The following activities were conducted (1)
identification of the marketing channels, (2) Mapping the value chain activities, (3)
identification of the chain actors, (4) identifying value chain linkages, and lastly, (5)
Determined the profit margin of street food vendors. The street food production chain
activities in the Vhembe district are highlighted in Figure 2.

3.2 Description of the street food value chains
3.2.1 Marketing channels

Figure 2 shows the value chain channels identified amongst the street food ven-
dors in the Vhembe district. The value chain activities of the street food vendors in the
Vhembe District are undeveloped and straightforward, with no infrastructure. The
main marketing channels identified are the input suppliers, transportation, storage,
production, and consumption. The channels highlight that street food vendors have
various food storage and processing places, from input suppliers to transportation to
consumption. These highlights that the final product market of street food is
consumers (government employees, school children).

3.3 Value chain analysis
3.3.1 Mapping the value chain activities

The value chain activities of the street food vendors start from purchasing, trans-
portation, storage, processing, and lastly, consumption, depicting the flow value chain
activities of street food vendors.

The street food vendors' value chain activities are explained in subsections
3.3.1.1-3.3.1.5.
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3.3.1.1 Purchasing

Purchasing is the first stage of street food enterprises. During this stage, street food
vendors purchase inputs from informal and formal stakeholders. The data showed that
street food vendors purchase raw and processed products from informal traders such as
bakkies/farmers/formal supermarkets. Raw products were reported to be mainly meat
category were chicken—dressed cull layers constituted (88.8%) of the meat product
purchased. Beef was reported at 68.3% with its associated Beef Offal at (14.3%).

From the vegetable category, the main raw product was Green Leafy Vegetables
constituting (60.1%) purchased from hawkers using informal supply contracts. Maize
meal by far was the most predominant raw product purchased (97.1%) from retailers
because it happens to be a staple food in the towns, district, province, and the country
at large.

Culled layers, and beef offal gives street vendors a competitive advantage since these
products are a by-product being sold from major poultry and beef processing facilities
[27]. The same applies to green leafy vegetables which are purchased form Bakkies or
produced by street vendors in their back yards. Based on convenience the maize meal
that is purchased gets augmented by by-products from maize processing facilities to
create varieties, delicacies, and flavors (sour versus normal) of pap cooked the indige-
nous way. Also, these products mimic the indigenous and cultural meal that the cus-
tomers mainly rural (82.2%), government employees (59.5%) and school children
(41.5%) demand due to taste and value for money Figure 3 [27].

3.3.1.2 Cost of inputs

The average monthly running cost of the inputs used to produce a plate of at least R45/
30 of chicken or beef was estimated at R1800. On average, their daily cost of vegetables
purchased from street food vendors or hawkers was R21.65, while vegetables from super-
markets cost R18.75-R51.00. Other food items purchased from the smallholder farmers
included live chicken broilers with an estimated R180.83 daily. Street food vendors
reported challenges such as a lack of continuous supply from street vendors/farmers and
bakkie sellers; hence some of the inputs were purchased from retailers. On average, the
cost of meat was between R188.00 and R279.00 from retail or supermarkets. [26] indi-
cated the list of input suppliers that the street vendors in the study are used.

Inputs Maize Porridge Vegetables

Supplier Supermakerts Supermarkets
Hawkers
Famers

Own Production

Beef Chicken Pork
Supermakerts Supermarkets Famers
Famers Hawkers
Butcheries Famers
Butcheries

Figure 3.
Main food items purchased by street food vendors from chain stores and suppliers.
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3.3.1.3 Transportation of ingredients and pre-prepared food

The second stage of street food value chain activities identified is transportation.
The mode of transport, distance, and time spent acquiring inputs by the street ven-
dors from suppliers are reported in Table 1. The average monthly transport cost for all
street vendors who used any transport was estimated at R340.00. More than half of
the street food vendors (54.6%) walk to get their input suppliers, while public trans-
port, such as taxis and buses, was used by 33.3% and 8.4%, respectively. Only 1.6% of
street food vendors reported that suppliers deliver inputs. Very few street food ven-
dors used private cars (4.1%). The longest distance travelled was more than 10 km
(4.5%). However, most reported walking less than one kilometre (6.5%) and taking
close to 10 minutes (31.8%) to suppliers.

3.3.1.4 Storage

Table 2 presents the frequency and associated percentages of street food vendors’
storage practices. The primary purpose of the storage is to extend the product avail-
ability over a more extended period than if it were sold immediately after harvest. In
this study, most street food vendors reported having a place to store their business

Frequency (n = 511) % of participants Median
Amount paid for transportation (R) 340.00
Mode of transportation of food
Walk 279 54.6%
Taxi 170 33.3%
Bus 43 8.4%
Car 21 4.1%
Suppliers’ delivery 8 1.6%
Distance to inputs suppliers
Less than 1 km 33 6.5%
1-5 km 11 2.2%
6-10 km 1 2.2%
More than 10 km 23 4.5%
Time to walk
less than min walk 163 31.8%
11-20 min walk 93 18.2%
21 and more minute walk 25 4.9%
Time to drive
5-10 min drive 30 5.9%
11-20 min drive 30 5.9%
More than 20 min drive 75 14.7%

Table 1.
Frequencies and associated percentages of mode of transportation and distance to inputs suppliers of ingredients
and pre-prepared food for street food vendors.
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Variables Frequency Percentage (%)
Availability of storage N =511
Yes 357 70.0
No 154 30.0
Storage of stock N =357
Home 97 27.4
Stall 75 21.2
Storeroom 108 30.5
Rented room 70 19.8
Other 4 11
Availability of access to on-site storage of processed food (511)
No 465 91.0
Refrigeration/freezer 46 9.0
Table 2.

Frequencies and associated percentages of street food vendor’s storage practices.

materials including inputs (70%). Of those who reported having a place to store their
enterprise material and inputs, 27.4% indicated that they store them at home, while
30.5% had rented rooms close to their stalls. Less than ten percent had access to
storage facilities like freezers (3.5%) and refrigerators (5.3%) when selling at the stall.
Less than 10% of the street food vendors had access to a freezer/refrigerator to store
processed foods close to their enterprise, which risked food safety. An indictment to
the local authority was the fact that 91% had no availability of access to on-site storage
and no facility of safe refrigerators and freezers. This is mainly because the street
vending business is not regulated nor managed within the developments plans of local
authorities.

3.3.1.5 Production/processing

Food processing is a critical stage in the street food value chain. It entails
pre-preparation and preparation of different food items, as shown in Figure 2.
Pre-preparation is vital because different foods need to be prepared in different ways.
In this stage, food such as meat and vegetables should be prepared in different utensils
to avoid cross-contamination. Only 3.7% in preparing foods from home and
transported the ready-to-eat foods to the market. Pre-preparation refers to a stage
during which street food vendors purchase food, and some activities are conducted at
home. Food is transported to the site for the final stage of cooking or heating before
serving.

In our previous work [26], we reported that vendors (93.3%) prepared food at the
vending site. Three-quarters of the owners (74.5%) were prominent people cooking
food, and very few were assisted by the employees (23.9%) or spouses (1.6%).
Processing activities can be an important source of jobs and income for women.
Hence, it is essential to note the street food enterprise's role. On average, SFV could at
least be able to pay R1400 employees monthly. At the same time, others reported
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spending more money on things such as electricity (R200) and gas (R430) weekly to
produce food.

Predominantly cooked food was meat (98.8%) and Millie pap (stiff porridge)
(97.1%), a South African staple food. Three quarters (75.3%) of the vendor's cooked
vegetables and 34% were served as gravy and chakalaka (8.2%). The various meats
cooked by the vendors were chicken (88.8%), beef (68.3%), beef tripe/magulu
(14.3%), and beef sausage (5.5%), with very few street vendors selling fish (1.4%) or
pork (2.2%). The median daily cost of meat was R400. The street food vendors cooked
and sold two main starchy foods, mielie pap (97.1%) and rice (14.1%), at R70 daily.

3.3.1.6 Consumption/point of sale

Table 3 shows the frequencies and their associated percentages relating to the
street vending target market and mode of marketing. The main street food consumers
were mainly government officials and school children attending nearby schools. Rural
customers who visit the town and spend some time in town also buy from street food
vendors. Foods were either served at the stall or sold as takeaways. The study assessed
the mechanisms street food vendors employ to sell their street foods. The results
showed that 51 percent of the respondents sold their products to rural customers
(82.2%) and school children (41.5%). Some street vendors reported their customers as
government employees (59.9%) and middlemen (53.0%). The technologies used to
market were call/WhatsApp (62.4%). Most street food vendors reported relying on
face-to-face visits with customers to sell their foods. This method proved effective as
per the saying “the proof of the pudding is in the eating”. Personal visits validate the
taste, flavours, the look and the eating experience that customers prefer.

Variables Frequency® Percentage (%)

Target market

Rural customers 415 82.2%
School children 209 41.5%
Government employees 300 59.5%
Middlemen 267 53.0%
Other 9 1.8%

Mode of marketing

Personal visits 368 72.0%
Phone call/WhatsApp 319 62.4%
Recruit professionally 22 4.3%
Word of mouth 14 2.7%
Posters 3 0.6%
Nothing 7 1.5%

*Number of responses.

Table 3.
Frequencies and associated percentages street food vending target market and mode of marketing.
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3.4 Value chain stakeholders and their role along the value chain

Table 4 present the major stakeholders and their specific roles. Firstly, we identi-
fied critical functions. Secondly, the actors involved then their roles were also
outlined. As highlighted earlier, one of the critical functions during purchasing was
providing supplier input to the vendors. In this study, various actors identified as
inputs suppliers (Supermarkets, farmers, butcheries, hawkers) were the most domi-
nant among the identified inputs suppliers. The second important function noted was
processing where street food vendors were the actors in the chain activities involved
in processing foods either at home or at the stall. The other stakeholders identified in
the study were the regulations and quality assurance role players such as the local
Municipality and the Department of Health. Lastly, customers are also identified as
role players because they are the consumers of the final product of the street food.

3.5 Business enabling environment
3.5.1 Institutional supports
Table 5 presents the types of institutions available along the street vendor's chain.

To improve the competitiveness of the street food value chain, every actor or stake-
holder has a vital role to play. The current study explored the institutions available

Step I Step II Step III

Critical function Current/ Specify role
potential actor

Inputs suppliers Main Spar Supply raw and processed foods
(purchasing) supermarket
Boxer
Shoprite
OBC
Farmers Vegetables and meat suppliers (pork and
broilers)
Butchers Supply all types of meat
Street Broiler and vegetable suppliers
vendors/
hawkers
Processing Street food vendor Production, cleaning, marketing, and selling
Consumption Customers Buy products
Regulations and quality Local government or Provision of the following services:
assurance management municipality * Area management and placement
Department of health * Collect waste/clean and issuing of permits/
licenses

* Policy amendments

Other stakeholders Media Advertise business on social media platforms
such as WhatsApp and Facebook

Table 4.
Major stakeholders involved in the street food and their roles.
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Institutions N %
Formal lenders (banks) 4 1
Informal lenders 5 1
NGO 8 2
Associations 45 9
Local municipality 202 38
Department of health 235 46
Inputs suppliers 17 3
Table 5.

Frequencies and associated percentages on the types of institutions available along the street vendors' value chain.

that provided support services to ascertain which institutions were present and acces-
sible amongst the street food vendors to provide various forms of support to the value
chain actors. There is a relationship amongst the value chain actors, which was
established based on spot markets (actors negotiate on price, quantities, and other
requirements directly at the market).

3.5.1.1 Financial institution

The current study highlighted a poorly developed street food enterprise financial
system. Although formal and informal institutions were available to assist street food
vendors financially. Street food vendors could only get assistance in the form of loans
from money lenders (1.0%) and very few banks (0.8%). Input suppliers (street food
vendors/bakkie sellers) (3.3%) could also provide street food vendors with credits for
a later return. Those who borrowed money from the informal money lenders (loan)
sharks highlighted conditions including paying money later with interest, while some
indicated paying back the money the same day without interest.

3.5.2 Regulations and quality assurance management
3.5.2.1 Street food vending associations

About nine percent of the street food vendors were members of associations or
unions. Most of the representatives were from the street food vendor’s associations at
a local level. The in-depth interviews explored why street food vendors have not been
affiliated or part of the street food association. Among the identified reasons, street
food vendors were unaware of any association (6.9%). In contrast, others had no
reason why they were not part of the association (27.5%). Street vendors who were
not members of any representations provided the following reasons: “I am a foreigner,”
while others indicated that “Associations only vepresent taxi drivers.” Others highlighted
that they were not aware of available associations of street food vendors. At the same
time, most (64.1%) did not have reasons why they were not part of an association. The
low participation rate of SFVs in associations is because these latter ones often lack
clear organizational goals.

Regarding the street food vendors who were members of an association (8.5%),
most street food vendors could not tell the role played by the associations, while some
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indicated that associations provide them with business advice and assist with solving
problems. Street food vendors indicated that the street food vending association needs
assistance to improve service delivery for their businesses to be competitive. Amongst
the recommendations, the street food vendors include training, assistance in building
better markets, and provision of adequate space for business operations. The street
food vendors recommended access to quality infrastructure as the primary service
improvement intervention for improving street food enterprise.

3.5.2.2 Local government

Based on the in-depth interviews conducted regarding the roles of the available
stakeholders. Street food vendors highlighted that the main role of the local government
(Municipalities) (38.3%) was to provide services such as allocation of placement or
vending sites and management of vending spots. Local municipalities' role also included
issuing permits or selling licenses at an allocated premise. However, not all street food
vendors had licenses, as others had no interaction with officials except the suppliers and
the customers. The local Municipality’s role was to clean and collect waste daily. Other
stakeholders who played a role in the street food sometimes the Department of Health
(46.0%). They provided certificates of acceptance to sell cooked foods to street food
vendors. However, not all vendors reported interacting with them to obtain the accep-
tance certificate to sell street food. Few vendors noted that NGOs indicated that they
sometimes provide training from the NGOs.

3.6 Distribution of profit margins along with inputs to suppliers of street food
vendors

3.6.1 Cost, output, and revenue

Table 6 shows the estimated profit margins and street food vendors’ inputs sup-
pliers.

3.6.1.1 Computation of cost, output, and revenue

We computed profit margin and ratio to determine if street food enterprise pro-
duction was profitable in the study area. Four different types of plate production
(chicken and beef meat) were used to compute the cost of production. Profit margin
(PM) was calculated as the difference between the cost of production (R) and selling
price OR revenue (R) (expressed as P = R — C). The percentage profit margin (G) was
computed as the profit (P) divided by selling price OR revenue (R) (expressed as net
sale-cost of goods)/net sale. Generally, street foods are sourced from the supermarkets
and informal markets such as bakkies sellers/street vendors and farmers. The descrip-
tion of the activities done by the value chain actors, from the suppliers of the inputs to
consumption (sales), was used to estimate the variable costs and returns.

Computations were performed per type of plate sold from different street food
vendors daily. A typical plate sold by the street food vendor consists of meat, pap,
green leafy vegetables served with a stew of tomato/onion. We used the two most
cooked meat in this study to determine the profit margin, as shown in Table 6—the
distribution used for daily production of chicken and beef plate profit margins from
supermarkets and informal traders.
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Product inputs suppliers  Production and marketing cost R/unit Total *Profit
(R) margin
Scenario 1: Inputs from Inputs production variable cost 49 +279 +70 398 78%
formal traders (veg, beef and maize meal)
(supermarkets/butcheries) (IPVC)
with no labour required
Expenses (transport) (E) 11.3 11.3
Sales (selling price x total 43 x 44 1892
produced) (S)
NI=S-E 1892 — (398 + 11.3)  1482.7
Profit margin = NI/S 1482.7/1892 0.78
Scenario 2: Inputs from Inputs production variable cost 49 +279 +70 398 76%
formal traders (veg, beef and maize meal)
(supermarkets/butcheries) (IPVC)
with labour
Expenses (transport, labour/day) 11.3 + 47 58.3
Sales (selling price x total 43 x 44 1892
produced) (S)
NI=S—-E 1892 — (398 + 58.3) 14357
Profit margin = NI/S 1435.7/1892 0.76
Scenario 3: Inputs from Inputs production variable cost 21 +180.83 + 70 271.83  76%
informal traders (bakkies (veg, live chicken and maize
sellers/street vendors/ meal) (IPVC)
farmers) with no labour
required
Expenses (E) (transport) 11.3 11.3
Sales (S) (selling price x total 40 x 30 1200
produced)
NI=S—-E 1200 (271.83 + 11.3)  916.87
Profit margin = NI/S 916.87/1200 0.76
Scenario 4: Inputs from Inputs production variable cost 21 +180.83 + 70 271.83  72%
informal traders (bakkies (veg, live chicken and maize
sellers/street vendors/ meal) (IPVC)
farmers) with labour
Expenses (transport, labour/day) 11.3 + 47 58.3
Sales (selling price x total 40 x 30 1200
produced)
NI=S—E 1200 — (271.83 + 58.3) 869.87
Profit margin (PM) = NI/S 869.87/1200 0.72

*Profit margin: sale — expenses/sales x 100
Informal input suppliers are when street food vendors buy their inputs from local farmers/street vendors/bakkie sellers.

Table 6.
Estimates of street vending profit margins.

To determine the street food vendors' profit margin, we used the formula: For-
mula; profit = price of plate x total plate sold/expenditure. Therefore, it was calcu-
lated as follows, profit margin (PM) = net income (NI)/sales.

79



Agricultural Value Chains — Some Selected Issues

a. Where NI = sales (total plate sold x price of a plate) — expenses (inputs cost
from supermarkets + cost of transport + labour).

b. Formal markets referred to street food vendors purchasing inputs from the
supermarket.

3.6.1.2 Profit mavgins in the four scenario mapped

Four scenarios/channels were used to estimate profit margin from purchasing
inputs from the formal and informal markets cost. Considering the difference
between the price of chicken and beef sold in the informal markets and supermarkets,
all street food vendors made a profit even though the profit margins differed.

a. Scenario 1: The findings of marketing Scenario 1 highlight that when
purchasing inputs from supermarkets and no labour is required for the
production, street food vendors could make 78.0% of profit on a beef based
plate considering the expenses and sales of the day.

b. Scenario 2: If Street food vendors purchase their inputs from the supermarket
and require labour for daily production, the vendor's profit margin could be
76.0%, for beef-based plate considering the expenses and sales of the day street
food vendors. This highlights that even if street food vendors purchase their
inputs from supermarkets, they do make enough profit with or without the
extra service labour.

c. In Scenarios 3 and 4, street food vendors purchased inputs from informal
traders. The difference was that in Scenario 4, street vendors have at least one
assistant paid. However, the two scenarios highlighted that street food vendors
purchasing their inputs for daily production could still make enough profit, on a
chicken-based plate which was 76% for scenario 3 and 72% for scenario 4,
respectively.

4, Discussions
4.1 Structure of the current street food value chain in the Vhembe district

This study aims to analyze the value chain of foods sold by street food vendors in
the Vhembe district town of the Limpopo province. This was done by identifying the
prominent value chain actors, institutions governing the chain, and key factors and
challenges affecting the success or failure of the value chains for street foods. The
street food value chain, faces several constraints [24, 32, 33], and this study confirms
such findings. The value chain of food sold on the street is short, with no infrastruc-
ture. Complete value chain actors are linked in the chain processes necessary for
transforming and transporting raw materials from suppliers to consumers. The activ-
ities during this period included purchasing, transportation, storage, production, and
consumption. These activities of the food production chain in the current study were
similar to a study by Cortese et al. [16], where they highlighted that in street food
enterprises, the chain of activities starts from the acquisition of raw materials to
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service to the consumer a step which was earlier proposed by Barro et al. [34], as
Figure 1 illustrates.

4.2 Market channel

The first marketing channel was from the informal traders (i.e., street vendors/
hawkers) to street food vendors traders. The other marketing channel was formal
traders (i.e., supermarkets/wholesalers) and street food vendors. The end market of
street food is domestic consumption.

Like other studies in South Africa and developing countries, street food vendors
purchase their inputs from other vendors. Adeosun, Greene, and Oosterveer [35] also
noted that most vendors stock their raw food materials to prevent having to go to the
market daily. Street food vendors also buy copious quantities to prepare for a day until
their stock get finished as a coping mechanism to deal with waste and food safety. This
was corroborated by other studies conducted in India [36, 37]; Ghana [38] and
Sabbithi et al. [39] in India. It was also established that Street Food Vendors relied on
local food value networks with both the formal and informal upstream value chain
[40]. A dualist position was noted in the current study whereby street food vendors'
inputs were sourced from direct sources such as bakkie/street vendors and the local
supermarket.

4.3 Value chain activities
4.3.1 Value chain actors

VCA of street food enterprise in the Vhembe district is simple and undeveloped
with little infrastructure. The main actors in the value chain were input suppliers
(smallholder farmers, traders/retailers, street vendors/hawkers) and consumers. The
current study showed that while street food enterprise is embedded into informality,
selling cooked foods in the rural towns highly relies on inputs from formal sector
enterprises in the form of agricultural producers, wholesalers, and retailers
(Figure 4).

4.3.1.1 Inputs suppliers

Among the current study's chain actors were the inputs' suppliers. Input suppliers
bring together a range of products and present them in a way that is convenient to
customers. According to Porter [19], these are related and supporting industries. Suit-
able suppliers of inputs are crucial for sustainable production and where traceability,
environmental concerns, and quality assurance are involved [41]. Moreover, in other
developing countries, there is a dualistic relationship between the formal and informal
food sectors in exchange for inputs supplies [42]. Street food vendors currently have a
direct relationship with supermarket because food cooked by street food vendors are
commonly sold in the supermarket, indicating guaranteed and increasing demand for
street food in the Limpopo Province. Tawodzera and Crush [43] study found that
location informed purchase for 49%, followed by price (42%), and quality (9%). How-
ever, Senyolo et al. [44] some informal traders in the Limpopo province have
established relations to some supermarkets (such as SPAR, Boxer, Pick and Pay and
OBC, Shoprite) selling cooked food mainly by the street food vendors, including the
green leafy vegetables. These findings collaborate with other studies in the country [45].
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Presentation of identified street food chain activities.
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Moreover, Tawodzera and Crush [43] noted 22% of households rely on the agricul-
tural production of their products. Contrary to the current study where very few
street food vendors highlighted using their own produce for the vending instead relied
on others for their enterprises.

The informal traders in the study supplied green leafy vegetables and live chickens
to the street food vendors at a reasonable price to the formal traders for better profit
margins.

4.3.1.2 Consumers

According to a survey by FAO [46], approximately 2.5 million people across
the globe consume street foods every day. Most consumers are between the ages of
26-35 years, out of which most are single males away from home. Moreover, other
essential categories of consumers include children, students, and office workers [11].
Charman et al. [7] also noted that residential micro-enterprises such as street vendors
serve immediate resident consumer demands, primarily for essential fast food. Like
the current study, street food enterprises' main customers mainly were people who
travel to the rural town searching for work and school children during their lunch
breaks. This study also noted that street food vendors generated demand for services
provided by formal sector public and private actors, including transportation and
formal shops, as reported by Roever and Skinner [47]. In Cape Town Hill et al. [48],
most street food consumers are single black males with some high-school education
and matriculated. Moreover, the patterns of consumption of street food daily and two
to three times a week by 38% and 43.3%, respectively.

4.4 Stakeholders’ relationship in the street food chain (institutional support)

Thuy et al. [49] stated that the availability of various stakeholders in a value chain,
such as intermediaries and traders, adds value to the value chain of a product. As the
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small scale of value chain linkages is prominent in the cities. The current study
highlighted a relationship between the suppliers of the formal and informal inputs.
However, street food vendors were the primary buyer of inputs from these different
suppliers. The formal and informal street food input suppliers could establish a rela-
tionship that would benefit the street food enterprise by stabilizing input prices [44].
Thus, contributing to the distribution of the product in a geographic term.

4.4.1 Financial institutions

Food vendors also introduced some innovations to improve the food supply in the
urban area. Haleegoah et al. [24] indicated that if street food vendors are given an
opportunity for financial assistance, there could come up with innovative improve-
ments in the daily operations of their enterprises. In the current study, street food
vendors were limited due to a lack of financial support from recognised institutions
such as banks and the government. Osei-Mensah et al. [32] found that inadequate
managerial skills and financial constraints negatively affected the gross margin ratio.
This shows the extent to which a lack of support and cooperatives is given to street
food vendors in the Vhembe district.

Government legislation, regulations and policies can constrain value chain
upgrading, amongst other ways, by setting trade barriers for production materials and
production technology, limiting the flow of information, national and international,
by imposing unfavourable taxes, and denying infrastructural investments that would
benefit value chains.

Even though street food vendors noted concerns that inputs sold from the formal
traders are expensive compared to the informal traders. In the current study, we
observed poor institutional support for street food vendors along the value chain of
street food. In previous publication [26, 27], we highlight that street food vendors
have agreements amongst those selling vegetables whereby they take inputs on credits
to pay after the sale, something absent from the formal retailer as street food vendors
are not allowed to make any credits from the formal institutions. The study
highlighted the support of the informal sectors such as transport because most street
food vendors used public transport to fare the input to their stalls [40].

4.4.2 Regulatory and quality assurance institution
4.4.2.1 Street food vending ovganizations

Inability to sustain associations had been identified as a challenge to food vending
[24], which our findings corroborate. This has prompted the establishment of inno-
vation platforms in the street food enterprise for which studies and other training
could be carried out. Table 4 reports the roles and functions of the available affiliated
associations. However, in-depth interviews explored why street food vendors have
not been affiliated or part of the street food association. Among the identified reasons,
street food vendors were unaware of any association (6.9%). Studies have shown that
only a few vendors were known to be part of an association [24, 32]. Moreover, Wills
[28] states that the absence of organisational goals could be the main reason for these
associations’ not thriving among food vendors.

As a first step towards recognition, street food vendors should constitute them-
selves into -organized associations that would enable them to develop a code of
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practice for their businesses or constitute a forum for interaction with the relevant
authorities.

4.4.2.2 Local government

The most common problem with street vending is issues with local authorities
[24, 32, 33, 50, 51]. In the current study, we observed non-compliance by street food
vendors to obtain necessary documentation before operation. While on the other site,
street food vendors highlighted that there is neither support nor interaction between
street food vendors and the local authorities to ensure proper street food value
operations.

A collaboration between the street food vendors and the relevant stakeholders,
such as the local Municipality, should be strengthened. Haleegoah et al. [24] also
indicated that this poor interaction between the authorities and the street food ven-
dors creates conflict among the stakeholders; thus, city planners should designate
appropriate areas within the towns for local food vending could enhance compliance
with safe and environmental regulations.

4.5 Regulations and quality assurance management

Although Roever and Skinner [47] indicated the importance of policies, laws,
standards, regulations, and institutional support services forming the chain environ-
ment in the street food value chain for better performance, street food vendors do not
consider obtaining specific requirements, including certification before vending and
obtaining a certificate of acceptance for selling foods to the public (REF-SA). This
practice is common in other African countries, such as Ghana, a street food vendor
requires medical screening and certification before vending [38]. However, this health
demand seems unsuccessful as it is noted in Ghana and South Africa that street food
vendors are unaware of their requirements before establishing an enterprise.

Like the current study, only 38.3% and 46.0 of the street food vendors were aware
that they needed to engage with the local Municipality and the department of health to
obtain a license to operate as street food vendors in the Vhembe district. In line with
this, other studies [52] have shared similar views, where most of the food vendors
interviewed had no health certificates but operated as vendors. Therefore, vendors
must adhere to high hygiene standards when dealing with food.

4.6 Profit margin and value shares

The current study highlighted that street food vendors purchase inputs from formal
and informal traders. A higher profit margin was obtained in purchasing goods from the
formal retailers on a beef-based plate at 78% profit margin and 76% with extra labour.
However, the profit margin percentage, made at the current production cost purchases
from the informal traders was 76% profit margin and 72% with extra labour. According
to Poojara and Dhanesh [11], street food vendors have a minimal profit margin and are
incentivized to keep expenses low by utilizing low-quality ingredients and disregarding
costly hygienic practices. Factors such as the cost of labor and the other expenses
contributed to the distribution of different profit margins of various plates sold. Ven-
dors with no added costs, such as labor costs, make more profit than those with labor.
Similar trends were also observed by Sugri et al. [53], where it was indicated that
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additional attributes, and climatic conditions could increase the input cost from the
suppliers and those purchase might have a lower return.

5. Conclusion and recommendation

The profit margin percentage analyses revealed that street food vending enterprise
productions were profitable. The profit margins were 72-78% depending on the costliest
meat product in the plate. Beef-based scenarios seem to fetch better profit margins (76—
78%) based on the higher prices and increased number of plates sold. The chicken-
based profit margins were at the range of 72-76%. The price per plate were lower with a
smaller number of plates sold. There should be improved linkages between the local
authorities, street food organizations, formal (formal and informal), and financial
institutions to the street food vending enterprise with a collective profit motive.

In addition, measures should be put in place to solve the street food vending
constraint affecting their operation, such as lack of access to finance, poor infrastruc-
ture and lack of managerial skills, and the cost of inputs. If street food vending
enterprises could be organized aligned with roles of various actors, this could mini-
mize the risk of failure of the street food enterprises sector. Due to the high demand
for street food and its affordability in rural towns, authorities such as the department
of health should assist street food vendors to minimize the risk of food safety along the
chain. For rural and peri-urban communities street food vending could be a vehicle
for improving the population's nutritional status and reduce hunger.
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Chapter 6

Reducing Inequalities in the
Coffee Value Chain: Threats and
Opportunities for Small-Scale
Farmers in Central America and
East Africa

Ingrid Fromm

Abstract

The global trade of agricultural commodities has increased in the last decades,
creating economic growth opportunities in many areas of the world. However, for
smallholder farmers producing commodities traded in global markets, there is mixed
evidence of a positive economic impact, particularly in coffee production. Rural
incomes in Central America have remained stagnated and for smallholder coffee
producers in East Africa, farm gate prices often do not cover production costs. Poverty
and food insecurity are issues impeding development in the region. Yet empirical
evidence points at global value chains as a driver for income growth and development
in emerging and developing countries. As pointed out in The State of Agricultural
Commodity Market 2020 global trade and inclusive, well-functioning markets with
lower trade barriers, opportunities for technological upgrading, and access to markets
can spur sustainable development. In this chapter, a comparative analysis of the
inequalities and factors hindering the economic growth of coffee farmers in Central
America and East Africa will be provided.

Keywords: sustainability, inequality, smallholder coffee farmers, Central America,
East Africa

1. Introduction

Coffee is one of the world’s most traded agricultural commodities. Both in terms
of volume and value, it is listed as a top traded commodity, along with corn, wheat,
soybeans, and sugar. The global coffee market was estimated to reach a value of US$
114.1 billion in 2020 [1, 2]. Coffee is produced in the coffee-belt, a region 25-30° north
and south of the Equator. About 40 countries in this tropical region grow most of the
coffee traded in the world and estimates place 12.5 million farmers, predominantly
smallholder farmers, as the main producers of coffee [3] In addition to production,

a significant labor force is employed in the coffee sector worldwide. An estimated
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125 million people worldwide work directly in the coffee value chain [4]. Most of the
coffee production systems are small scale, and most of the coffee is cultivated in plots
of land of 5 ha or less [3]. Thus, smallholder farmers are responsible for most of the
global coffee production [4]. Large coffee estates of over 50 ha are rather the excep-
tion and are found mostly in Central and South America.

Coffee certainly is one of the world’s most beloved beverages, and it is consumed
across all geographic regions. Demand is also increasing, driving higher production.
From 2008 to 2020, production increased from 8.5 million tonnes to 10.7 million
tonnes of coffee beans [5]. Brazil, Vietnam, and Colombia lead the world production
of coffee, accounting for 62% of the annual total production [6]. Other producing
countries in the coffee bean belt include Central American countries like Honduras,
Guatemala, Costa Rica, El Salvador, and Nicaragua. In East Africa, main producing
countries include Kenya, Ethiopia, Tanzania, Uganda, and Rwanda. Both of these
geographic areas in the bean belt are characterized by having ideal conditions for
coffee cultivation, including high-altitude areas, temperatures somewhere between
21° and 29°C and good soils, Arabica coffee plants thrive in these conditions. For
these producing countries, coffee is of major economic importance, as the sector is
an important source of their export revenue, which can be significant. In Ethiopia,
for example, coffee accounts for more than a quarter of the export earnings and in
Burundi, coffee represents at least 20% of the national export revenue. In Uganda
and Honduras, the coffee export revenue accounts for about 10% of the export
earnings [7].

2. Global trends

Despite the economic importance of coffee, most small-scale farmers in Central
America and East Africa face similar conditions of poverty. Covering production
costs is challenging, and earning a decent income as coffee producers is difficult.

The coffee value chain is complex, and multiple interactions take place across several
geographical locations, so farmers have no decision power when it comes to issues
such as the global market price of green coffee. Although there are some opportuni-
ties for economic growth, these are found in certain sectors like specialty, certified
coffee but elude most conventional farmers. For the most part of history, coffee has
been produced and traded as an undifferentiated commodity. Large companies which
sold household coffee brands would buy bulk coffee, and there was little traceability,
often not even the country of origin was known, as different lots coming from all over
the world would be mixed. Thus, prices would vary according to species (Arabica or
Robusta), but the origin was largely unknown by the end consumer.

Another reason for the disparities in the profit distribution have to do with the
governance of the coffee value chain and the complexity of interactions, where
numerous buyers and sellers transform coffee at different points and over various
geographic areas. Farmers play a limited role in the transformation of coffee. They
harvest the coffee, then bring it to a collecting and processing point. Not all farmers
dry the coffee themselves. In Central America, these mills where coffee is first dried
are known as “beneficios” or in East Africa, “wet mills.” The main activity is to remove
the pulp, wash, and dry the coffee. These facilities are usually located in convenient
locations for further transformation, and that includes rivers and towns so the coffee
can be transported easily from these points. Not all coffee growers are in the proxim-
ity of these stations, and some might face difficulties to bring the coffee to these
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mills. In Central America, some middlemen collect the coffee and bring the freshly
picked coffee cherries to the “beneficios.” Once the coffee is received at the collection
points or the beneficios or wet mills, farmers receive their payment for the coffee sold.
Already at this point, traceability may be an issue, if there is no system in place to
separate coffee by lots and location. Once transported to the beneficio and processed,
the coffee beans from different regions are blended. In some cases, the mixing of lots
might promote a uniform quality of coffee, combining the characteristics and flavor
profiles of the different regions [8]. From there, the coffee is taken in charge by an
exporter, who usually bring the coffee to another location to either further process the
coffee or store it for export. In Central America, the export process is done through
larger coffee importers or through the large coffee producer associations, which have
established commercial links to large international coffee traders. These two parties
take care of the transportation of the coffee from the beneficio or mills to the destina-
tion country, sometimes even to the buying roasteries. The roasting is usually done in
the country of arrival, and the coffee is sold to local buyers, retailers, hotels, restau-
rants, or cafes, which handle of the distribution to the final consumers.

Global coffee consumption has steadily increased in the last decades, but there
are variations across different regions. While coffee consumption has increased in
Europe, North and South America, and Asia, it had remained stagnant in Central
America and decreased in Africa. Industrialized counties experienced great changes
in consumption patterns of coffee. Up until the 1980s, coffee was mainly consumed as
a plain black cup of coffee, and there was little differentiation in origins, roasting or
flavors. This has now changed and a multitude of forms, flavors, and origins, stem-
ming from the coffee shop culture dramatically evolved since them. In parallel to the
changes in consumption, ICO [9] reported an increase of 2% annually since 1990.
Prices per cup of coffee have also increased, and consumers pay much more per cup
of coffee than they did in 1990 [10]. Home consumption of coffee also evolved and so
did the market, which now offers a wide range of coffee machines, brewers, presses,
kettles, pots, and pour-over glassware which are much more sophisticated than the
simple percolator commonly found in homes in the 1980s. The changes in coffee
consumption patterns and the new trends for more differentiated coffee did not,
however, lead to an increase of farm gate prices paid to the coffee farmers. Farmers
in Central America have faced severe crises such as the coffee crisis of 2001 which
severely impacted the region. East Africa experienced a similar stagnation during this
time (Figures1and 2).

The consequences of low farm gate prices are a huge burden for farmers, particu-
larly small-scale farmers, because as farm incomes decline, livelihoods are increasingly
at risk. Such low incomes make it impossible for small-scale farmers to invest in the
modernization of farms and even less in good agricultural practices which may lead
to a more sustainable coffee production [11]. By and large, small-scale farmers in
Central America and East Africa are finding it impossible to buy the very basic inputs
to sustain the current coffee yields. In instances where inputs such as fertilizers are
not subsidized, farmers have limited opportunities to pay for these inputs, especially
with the current increased prices of fertilizers. In the last three decades, the average
prices paid to the producers have fluctuated and in the 2010s, higher prices were paid
to producers (Figures 1 and 2). However, prices have since dropped, making it dif-
ficult for the small-scale farmers in Central America and East Africa to make a profit in
coffee production, especially since the 2021/2022 season, where the prices for fertilizers
increased by up to 80% [12]. At the farm level, these increases in the prices of fertilizers
mean that production costs will barely be covered if the coffee prices do not increase.
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Prices paid to producers in Ethiopia and Uganda 19902019 (Source: [6]).

3. The coffee value chain in Central America

Coffee is one of the top agricultural sectors in Central America, and in El Salvador,
Honduras, and Nicaragua, it is the main agricultural export and second largest
agricultural export in Guatemala and Costa Rica. In all countries, coffee is the main
source of rural employment. An estimated 1.2 million people are directly employed
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in the coffee sector in Central America [9]. Although large estates, usually family
owned, do exist in Central America, most of the production takes place in small-scale
family farms. In rural areas where coffee is cultivated, poverty still prevails [13-15].
Farm gate prices are low and part of the problem of low income has to do with one
main payment made to producers during the harvest season only. Fluctuating inter-
national market price patterns negatively impact farmers. In 2018, market prices
dropped 30% below the average, which meant that farmers were not able to cover
production costs. Such low incomes have long-lasting consequences which keep
farmers poor. They are unable to make proper investments to boost productivity or
implement sustainable production practices. Coffee farmers in this region are suscep-
tible to climate change risks, which will likely impact their livelihood and in general,
the future of coffee production [16].

In terms of climate change impact, the region, which in part lies in the dry corridor
of Central America, is one of the most affected areas by climate change [17]. Rising
global temperatures can affect coffee yields [9]. Higher temperatures are severe chal-
lenge for Arabica coffee production. To produce coffee, specific ecological and meteo-
rological conditions are necessary. Temperature should ideally range between 15 and
23°C. In 2019, hydric stress severely affected fruit formation in coffee farms in some
areas of Central America, thus lowering yields [18]. The already established high-
altitude coffee areas will no longer find the ecological conditions needed to maintain
that quality, thus pushing the agricultural frontier to higher-altitude regions. If coffee
production expands to higher-altitude areas, protected forest areas will be affected. In
the lowlands where coffee is also cultivated, higher temperatures and dry spells will
likely result in lower yields.

In addition to increasing temperatures and droughts, sever climate events such as
hurricanes have also significantly impacted smallholder coffee producers. Extreme
impacts such as tropical storms and hurricanes with strong winds and torrential
rainfall destroy coffee plantations. In November 2020, when the coffee harvest was
about to start in the region, Hurricanes Eta and Iota, two category 5 and 4 hurri-
canes unprecedently hit the area in the lapse of 2 weeks. Coffee farms in Nicaragua,
Honduras, and Guatemala were destroyed, decreasing the yields for the season. The
hurricanes also caused severe infrastructure damage, and roads, bridges, and farm
infrastructure, disrupting the harvest, processing, and transportation of coffee.

In Central America, coffee provides employment to the rural population. Climate
change impacts are also a factor contributing to the outmigration of people from the
region [19, 20]. Because coffee employs workers permanently but also temporarily,
these workers are more prone to find employment alternatives elsewhere and some
people abandon the region altogether. Permanent labors are more likely than tem-
porary farmworkers to be formally registered, earn minimum wage, and have some
degree of social security coverage, which is required by law SCA [21].

4. The coffee value chain in East Africa

In East Africa, small-scale farmers play a great role in coffee production. In
Ethiopia, up to 70% of the total production is in the hands of smallholder farmers
[22] and in countries like Rwanda and Burundi, most producers are small scale. As
mentioned previously, farm gate prices are a major concern for farmers, as market
prices locally and internationally are low and rarely cover the production costs. Even
for farmers in cooperatives this remains a major challenge in the sector. In addition,
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there are infrastructural challenges affecting farmers. For farmers in remote areas, it
is a challenge to bring coffee to collection centers, especially in areas with poor roads
and infrastructure. For land-locked countries like Rwanda, Uganda, and Burundji,
exporting coffee becomes more challenging, as lories must move the coffee through
other countries, either Kenya or Tanzania, before it reaches the port for shipment.
Again, the lack of proper roads and infrastructure is a major hurdle.

Market prices and fluctuations in international prices are felt by small-scale farm-
ers in countries that depend highly on coffee exports as a source of income, such as
Burundi, Uganda, and Honduras. Low farm gate prices coupled with higher produc-
tion costs have resulted in losses or unsustainably low earnings [23-25]. Smallholder
farmers lack the experience and knowledge to mitigate the price risks and are unable
to cope with market fluctuations.

In East Africa as in Central America, coffee farmers are in the most vulnerable
position in the value chain. Low farm gate prices and price volatility affects them
severely. The C-price, along with certain factors that lead to great variability, influ-
ence farm gate prices in producing countries, and farmers cannot exert any influence
or change these prices. Agricultural policies implemented by governments (i.e., coffee
funds, subsidies) can make a huge difference in producers’ livelihoods [26], but
evidence suggests that paying a living income can improve the situation in the long
term [27].

Development agents, NGOs, and other entities are actively promoting the trans-
formation in the sector by advocating for the payment of a living income to farmers,
particularly coffee farmers in East Africa. Living Income is the net annual income
required for a household in a particular place to afford a decent standard of living
for all members of that household. Just like the living wage in the garment sector, the
living income discussion is gaining momentum globally among donors, NGOs, and
governments. Therefore, living income is a critical issue that needs to be addressed in
depth and discussed to find solution. Earning a living income means that the farmer
will be able to provide basic but decent food to the household, provide basic decent
housing according to the area standards, and provide basic health care and basic
education for the children.

East African coffee farmers and their families live well below recognized living
income benchmarks. Prices are a major issue affecting farmers, as the long-term
nominal price of coffee in the futures market has remained roughly the same for
over 40 years, resulting in a significant decrease in farmers’ purchasing power. High
population densities in smaller countries like Rwanda and Burundi mean that there
is a continuously decreasing farm and plot size. Fragmentation of farm plots result in
lower incomes for farmers [28].

5. Promoting sustainability and reducing inequalities in the coffee value
chain

Sustainability in the coffee sector should not only be approached from an envi-
ronmental perspective, but also an economic and social perspective. The farmers’
livelihoods need a stable source of income for proper investments to be made in good
agricultural practices which will ensure higher productivity and sustainability in the
long run. This is only possible with a fair and stable income which allows the farmers
to have the necessary resources to make investments. The discussion around living
incomes for farmers in commodities like coffee have the objective to promote a decent
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standard of living. A decent income allows for social targets such as reducing child
labor to decrease. In addition to these economic and social benefits, living incomes
allow for environmentally detrimental practices such as deforestation to be reduced,
because an economic viability is the catalyst for the sustainability of the entire coffee
sector (Coffee Development Report, 2019).

Climate change hotspots and changing climatic conditions will render some
coffee-growing regions no longer suitable [29, 30]. Global climate models used to
explore three climate scenarios show that highly and moderately suitable Arabica
coffee-growing environments around the world will decrease by 50% and 30%,
respectively, by 2050 [30]. Central America is one of these areas where coffee pro-
duction will be affected [31]. Without investment and a secure flow of economic
resources in the sector, climate change mitigation strategies are impossible to reach for
most small-scale coffee farmers in Central America and East Africa.

Coffee farmers will need to adapt to less predictable growing conditions and
more extreme climatic events. Climate resilience requires the right investments at
the right time, as coffee cultivation requires long-term planning. Most of today’s
production comes from smallholder farmers with fewer resources to cope with
shocks, making them more vulnerable to climate change. Some countries have
implemented strategies to mitigate climate change effects in their coffee sectors.
Important adaptation measures implemented include planting improved coffee
varieties or hybrids that have a higher drought tolerance or adopting more sustain-
able farming practices, like shade-grown coffee to reduce temperatures or mulching
to maintain soil moisture [32]. The adoption of voluntary standards and certifica-
tions is another sensible strategy for farmers. Most farmers producing certified
coffee must adopt good agricultural practices, and in most cases, they are trained by
cooperatives, private sector actors, and other entities to comply with the specified
practices to maintain the label. Improved practices often result in higher yields,
which is beneficial to farmers. Certified farmers are also paid a premium for their
coffee, which eases some of the economic pressures most of them face when making
farm-level investments [27].

A critical factor to keep in consideration when addressing the farm-level sus-
tainability of coffee farmers is the fact that 75% of the global coffee production is
exported to international markets. The total generated value was US$20 billion on
average in the period 2015-2020 [3]. Because most coffee is exported as green unpro-
cessed coffee beans, farmers capture less value, while roasters and retailers in import-
ing countries capture the largest share of the value addition. The Coffee Baraometer
(2020) estimates that the average green coffee export value accounts for less than 10%
of the US$200 to US$250 billion of revenues generated in the coffee retail market. In
2020, coffee prices dropped to 30% below the average price level reported over the
past 10 years [11]. A study conducted in 13 countries indicates that coffee produc-
ers’ average annual income decreased significantly in 2017-2018 [9]. The proportion
of farmers living below the extreme poverty line of US$1.90 per day has increased sig-
nificantly, and in countries like Nicaragua, by as much as 50%. Such low prices impact
farmers, and coffee production is not economically viable for most coffee farmers. For
the “typical” small-scale coffee production system in East Arica and Central America
with lower possibilities of investment, the impact of low prices is high. For high-
productivity countries where the more productive farms remain profitable, these
fluctuations in prices have a negative impact, but the situation will never be as grave
as it is for the smaller-scale, resource-poor farmers who cannot make the very basic
investments. An example of the effect can be explained as follows:
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“In 2019, with an average price of US$1.80 per kg of green coffee, a Colombian pro-
ducer with 4.3 hectaves coffee land could only reach a living income with a produc-
tion of 1.46 metric tons per hectare [33]. Even under a very optimistic scenario with
a simultaneous increase in yield and farmgate prices, a producer with a small plot of
land would not veach an income level above the poverty line [34]. The development
of economically viable coffee production is vital to many countries’ efforts to combat
extreme poverty [35]. Although Africa accounts for about 10 percent of global coffee
production, these figures understate the importance of coffee production in terms

of its contribution to a country’ GDP, rural employment, tax incomes and export
earnings. For instance, in Ethiopia and Burundi coffee is the largest single exported
product by percentage in 20197 [3].

For coffee production to remain viable in the long term, these inequalities must be
addressed. In both Central America and East Africa, smallholder coffee farmers do
not have the means to adopt critical measures to mitigate climate change impacts or
cope with an international market system which offers them little to no opportunity
to have a profitable coffee production system. Sustainability can only be reached by
minimizing the inequalities in the sector, and this can only be achieved by channeling
more monetary resources to farmers through a transparent and fair pricing system.

6. Conclusion

Coffee is an important agricultural export for countries in Central America and
East Africa. It is a sector which provides critical export revenues for the economies
of these countries and employment in the rural sector. The numerous challenges
smallholder coffee farmers face must be addressed in a coherent way to guarantee the
sustainability of coffee as a global value chain. Because the governance structure of
this value chain gives producers in developing countries no opportunity to influence
or improve a situation such as market price, there only possibility to reduce inequali-
ties and mitigate further risks associated with low incomes is through a combination
of public and private sector initiatives to ensure a better distribution of gains from
farm to retail. Market-driven initiatives such as sustainable sourcing and the imple-
mentation of voluntary sustainability standards can have a better effect if the right
public policies and regulatory options are complimentary. Otherwise, a redistributive
effect of profits trickling down to farmers is unlikely.

It is imperative to reduce the inequalities in this business for coffee to be sustain-
able. Better prices paid to farmers can help them cope with climate change impacts
which will likely become a more critical issue in Central America and East Africa.
Institutional coordination at the country level is important to help coffee farmers
adapt and cope with the challenges mentioned in this chapter. Key stakeholders such
as research organizations, local government institutions, producer associations,
traders, exporters, buyers, and civil society organizations all have a specific role
and sphere of action to address the needs in the sector. Through coordinated efforts
among different stakeholders in the value chain, necessary changes can be imple-
mented. The adoption of climate change mitigation strategies will only be successful
through engagement among all stakeholders because smallholder coffee farmers
cannot achieve these goals on their own.
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Abstract

The value of coconut production in North Sulawesi reaches almost 10% of
Indonesia’s total coconut production, and more than 95% is managed by farmers. The
main problem in coconut development is that the management of coconut cultivation
is still traditional, and the quality of the products produced is still low, so that coconut
commodities that are multipurpose relatively have no added value. The economic
value of coconut is still very dependent on primary products, namely coconut seeds
and copra. To increase farmers‘income, the solution that can be taken is to implement
the value chain in integrated coconut farming by diversifying coconut products. This
is a review chapter that aims to present the implementation of value chain analysis
approach and formulate the strategic development of integrated coconut farming
system on a rural scale in the North Sulawesi province. Implementation of the value
chain by diversifying coconut commodities can provide added value. By managing
an integrated coconut farm that produces 3-5 processed products, the economic
value of coconut will increase by about 5-6 times. Several issues become obstacles in
the development of the value chain, including the lack of farmer participation in the
modern chain, weak market power and market access, weak contractual relationship
strength, and weak agricultural sector development orientation in the provision of
employment.

Keywords: value chain, agriculture, coconut, diversification, income
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1. Introduction

The role of the agricultural sector in Indonesia contributes significantly to devel-
opment and the national economy. It absorbed 29.769% of the total labor force in
Indonesia and contributed 9.85% to the national GDP in 2021 [1]. To realize advanced,
independent, and modern agriculture as the ideals of Indonesia’s agricultural develop-
ment in the future to improve the economy and welfare of farmers, the priority aspect
is to increase productivity and added value of agricultural products.

In the midst of increasing activity of foreign consumer good import flows, agri-
cultural commodities, especially plantation sub-sector commodities, in Indonesia are
still the leading commodities in the international world. Among them is the coconut
plant, which is a plantation plant with the largest area in Indonesia. The total area
of coconut in 2018 reached 3,417,951 hectares, of which about 99% or an area of
3,385,085 hectares was cultivated by smallholder plantations, cultivated in monocul-
ture or overlapping with other crops; large state plantations covered an area of 3482
hectares or 0.11%, and large private plantations covered an area of 29,024 hectares or
0.85%, with national coconut production reaching 2.85 million tons in 2021 [2].

The North Sulawesi province is one of the coconut production centers in Indonesia
with a coconut plant population in 2018 recorded over an area of 273,331 hectares and
is the second largest area after Riau province [2]. The value of coconut production
in North Sulawesi reaches almost 10% of the total Indonesian coconut production,
and more than 95% is managed by farming communities; until now, the acquisition
of value from various products has been limited to primary products. Therefore,
farmers‘income from the business sector is still relatively low, not comparable to the
potential resources available to produce various competitive and economically valu-
able products.

The main problem is that generally the farming community finds it difficult to
get out of the condition of product value acquisition; farmers rely only on the value
of primary products. Farmers who practice coconut monoculture and produce copra
or coconut granules as their main product can obtain a net profit of Rp 9,000,000
per hectare per year or around Rp 750,000 per hectare per month. The productiv-
ity potential is approximately 2 tons of copra per hectare per year or around 8,000
coconuts, with a copra selling price of around Rp 10,000 per kilogram. This condition
has an impact on the existence of farmers who are becoming increasingly helpless,
and there tend to be more and more coconut farmers who become poor. Allorerung
et al. [3] reported the results of research in North Sulawesi and Riau, which showed
that the socioeconomic level of coconut farmers is below the poverty line, which is
less than US$ 200/capita/year.

To overcome the problems mentioned above, initially, the farming community
must get out of the discomfort zone by empowering all existing potential through
a process that will face various obstacles, so a persistent, resilient, and confident
attitude is needed. The success of each farm is highly dependent on the ability of each
farmer in the management of the farm. Hernando [4] stated that agricultural man-
agement is the ability of farmers to determine, organize, and coordinate the factors
of production that are best controlled and able to provide agricultural production as
expected. It is further stated that the measure of management success is the produc-
tivity of each factor and the productivity of its business.

In the next few years, demand for various coconut products is expected to
increase. To anticipate this, increasing the income of coconut farming needs to be
done through the value chain approach. Value chain analysis is used as a strategy
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analysis tool to better understand competitive advantage, where a manufacturer or
firm can increase added value or lower costs to make the business more competitive
[5]. This chapter is a review that aims to present the implementation of value chain
analysis approach and formulate the strategic development of integrated coconut
farming system in the North Sulawesi province.

2. Methodological approach

This chapter uses a research design with a scientific review method. This method
is used to conduct descriptive exploration and analysis of data on the topic discussed,
which are sourced from various scientific references, such as journals, books, pro-
ceedings, electronic and print media, and other relevant published sources. The steps
of the data analysis process are uniting and equalizing into complementary data.
Collecting various data obtained is described descriptively to find problems and solu-
tions for future development. The results of the identification and description of the
data are presented in the form of charts or flowcharts.

3. Results and discussion
3.1 Concept and stages of implementation of value chain analysis

The value chain approach can help to understand how trends reshape the value
chain, identify who is leading and addressing them, answer broad and specific
questions, and take a relationship/friendship approach. Poole [6] states that the value
chain concept offers an analytical approach to explore market-agriculture-food rela-
tions, to assess potential cross-sectoral contributions, and to identify incentives and
barriers in production and consumption.

Designing value chain analysis, among others, by improving the ability of local
companies to compete, increasing returns for consumers, encouraging targeted
policies, and empowering the participation of farmers in rural areas to engage in all
productive activities. Stringer [7] stated that value chain analysis is one of the con-
cepts of how to add activities and enlarge the value of products to the maximum in
the supply chain. Value chain analysis offers the opportunity to maintain competitive
advantage through a relational approach. Value chain analysis focuses on end users
and chain organizations to meet the needs and desires of consumers [8].

The main objective of value chain management is to increase or maximize profits
and minimize financing. Value chain analysis always refers to how much and how
long it takes to prepare or present goods for sale. Creating jobs and local income
always refer to the value chain with an understanding of what the market will pay [7].

The amount of value of a product depends a lot on the outside of the system, espe-
cially knowing what exactly the needs and desires of consumers are. Kotler and Keller
[9] states that marketing and consumer behavior are derived from the marketing
concept that states that the essence of marketing is meeting the needs of consumers,
creating value that fits their needs, and retaining customers. To obtain the value of the
final product in marketing, the dominant result is determined by the degree to which
the producer knows the consumer’s desire for a product and a variety of products.

The value chain provides a vehicle for identifying ways to create differentiation
through value development [10]. Value chain activities are categorized into primary
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activities and supporting activities. Supporting activities bring together functions
further dividing the specific main activities in the value chain would be beneficial.

To realize the maximum product value, it is necessary to know what the needs and
desires of consumers are; then, the maximum economic value is more focused on the
desires and needs of consumers. The development of smallholder oil palm plantations
will generate maximum product value and income if sub-systems in the distribution
channel chain can be created/added to various productive activities and if all of them
are interrelated and strengthened.

Several problems become obstacles in the development of the value chain, includ-
ing the lack of participation of farmers in the modern chain, weak market power
and marketing access, the absence of certification, weak strength of relationships
through contractual agreements, and weak orientation of regional development in the
agricultural sector in the provision of employment. Some of the fundamental chal-
lenges for the main actors include not believing in payment, not being able to supply
inputs because working capital is limited, and not being able to supply input quality,
technology, and management. The solution should be to build economic and social
institutions for farmers, such as through a combination of farmer groups oriented to
developing business partnerships based on mutual agreements, negotiating to rebuild
trust in order to produce sustainably with timely payment systems, escorting input
allocation, and escorting management and technology.

The stages of value added analysis activities are as follows: (1) present a real prob-
lem situation; (2) analyze the condition of the situation with stakeholders by analyz-
ing the inventory of value chains, institutions, and social systems; (3) organize the
sequence of problems encountered; (4) make improvements and solutions to existing
problems through system identification, model design, and improvement suggestions
in several stages of testing; (5) distinguish between the model designed with the real
situation in the field; (6) systematic changes in desires that allow, and (7) act/imple-
ment activities to change things to be more productive to obtain added value.

Adding value through process innovation can be done, among others, via a good
service system, looking different, promotion, building distribution channels, doing some
marketing methods, transportation management, storage systems, cooling systems, qual-
ity assurance and insurance, application of production technology, post-harvest handling,
cleaning, harvesting techniques, application of culture, use of good plant materials,
organization of the growing season, certification, and labor management. Adding value
through product innovation can be done in the form of product attributes, originality
information, appropriate ingredients, mixtures and packaging boxes, packaging forms,
product identity explanations, health information, yield quality, use of appropriate plant
varieties, appropriate timing, consistency of product provision, and product volume.

3.2 Application of value chain In oil palm cultivation

The coconut crop in the North Sulawesi province is one of the leading commodi-
ties of the region, which has the largest area and makes up the main source of income
of the farming community and contributes dominantly to the economic growth of the
region. The reality of the field shows that factually it is not directly proportional to
the living conditions of the farming community as coconut owners.

The production of coconut farming systems is sold by most farmers only in the
form of coconut or copra granules. By relying on coconut products, the economic
value of coconut is mostly only enjoyed by intermediaries, especially producers.

The incommensurate acquisition of added value gives an idea that the coconut
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Figure 1.
Flow of activity of actors in the copra value chain in Novth Sulawesi.

agribusiness system in this area is still conditioned to its spread [11], which is charac-
terized by weak or no functional relationship between each level of business. In this
case, farmers only become suppliers of raw materials, and intermediaries/producers
accommodate primary products for further processing or distribution to other parties
for maximum profit.

In general, coconut farmers sell individual coconut products directly to traders.
Until now, the coconut marketing chain produced by farmers has been quite long, so
there needs to be an effort to take efficient coconut marketing actions without going
through some unnecessary intermediaries. The activity flow of copra value chain
actors from farmers in North Sulawesi is shown in Figure 1.

Price difference in the form of copra products between village traders and
wholesalers or manufacturers is usually around Rp 300-Rp 400/kg, and in the
form of granular products, there is a difference of around Rp 100-Rp 150/kg.

If farmers have as much as 4000 kg of copra/year, then every year, there is an
opportunity for additional income through a collective sales system. For sales like
this, each farming family will have an additional income of around Rp 1.2-Rp 1.6
million/year for copra and Rp 1.6-Rp 2.4 million/year for sand coconut. Assuming
in 1 village, there is a copra equivalent production of 800 tons, by implementing
a collective sales system, there will be an increase in revenue of Rp 240-Rp 320
million/village/year for copra and Rp 320 million-Rp 480 million/village/year for
coconut sand.

Field facts to date show that the mainstay of obtaining the value of coconut
products is still very dependent on primary products in the form of coconut granules
or copra [12]. The shape and color of copra products sold by coconut farmers are still
the same as the shape and color of copra about 30-40 years ago. To overcome the
low income of farmers, it is necessary to diversify and create the value of processed
coconut products to increase the value of processed coconut products so that farmers
not only focus on selling coconut as a primary product but also can process it into
other products that have high economic value and will ultimately have an impact on
increasing farmers‘income. Diversification is the diversification of products to meet
consumer needs.

Some forms of coconut processing products that can provide added value include
(a) white copra, (b) virgin coconut oil (VCO), (c) nata de coco, (d) shell charcoal,
(E) vinegar acid, (f) coir fiber, and (f) application of diversification efforts in coco-
nut plantation areas with other types of crops or livestock. Diversification and value
creation of processed coconut products on a rural scale is seen in Figure 2.
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Figure 2.
Diversification and value creation of processed coconut products on a rural scale.

3.2.1 White copra

White copra is a type of quality copra produced from fresh fruit pulp through a
drying/organizing process at a temperature of 60-75°C; and has low moisture content
of between 5 and 6%, free from boletus (mushrooms); and has a much whiter and
cleaner color. By applying coconut processing into white copra products, assuming
that every farmer has a coconut with an average product of 4 tons/year equivalent
to copra, there can be an added value of the price difference with ordinary copra of
Rp 700-Rp 1000/kg. By implementing a white copra processing system, each farmer
has an additional income opportunity of around Rp 2,400,000-Rp 4000,000/year.

If a village produces 800 tons of copra per year, they can increase their income by
approximately Rp 560,000,000 to Rp 800,000,000 per year by processing the copra
into white copra.

Wardanu and Uliyanti [13] reported that the result of his research to obtain the
value of efficiency or Revenue Cost Ratio (R/C) was 1.61, which means that every
Rp 1 cost incurred for the processing of white copra will generate a gross income of
Rp 1.61 and a net profit of Rp 0.61. Ha shows that the business of processing white
copra is efficient or commensurate with the company, where the income obtained
amounted to Rp 5,650,000.00/production. At the same time, the total costs incurred
amounted to Rp 15,929,433. 33 per production to obtain a profit of Rp 9,720,566. 67/
production.

3.2.2 Virgin coconut oil (VCO)

Virgin coconut oil or better known as (VCO) is oil produced from the purification
of coconut milk by a certain method to separate the chemical elements gradually [14].
If 25% of coconut products in a village can be processed into pure coconut oil (VCO),
with an equivalent of 200 tons of coconut production per year, approximately 6,500
liters of VCO can be produced, worth around Rp 1.85 billion per year per village at a
price of Rp 30,000 per liter. The potential difference in value is quite large compared
to just making copra worth more than Rp 1 billion/year/village.
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The results of the financial feasibility analysis showed that the BCR value of the
VCO processing industry was greater than 1 (2.08-2.28), as well as the Net Present
Value (NPV) was positive. This result illustrates that the amount of net income is
much greater than the amount of expenses, or it is profitable to strive for. Meanwhile,
the Internal Rate of Return (IRR) value shows a number higher than the discount
factor set, namely 12%, 15%, and 20%. Under the conditions of prices and products
specified in the analysis, IRR values of 35.5% and 39.4% or greater than 20% are
obtained, which means that the investments allocated to the business of this industry
will provide the maximum net profit, assuming guaranteed marketing continuity.
The value of coconut production through the implementation of this business reached
around Rp 1665/grain, and farmers‘net profit reached Rp 955/grain.

3.2.3 Nata de coco

Nata de coco is a food product made from coconut water. Coconut water is waste
from coconuts, potentially generating added value after intervention with treatment
technology. The results of the financial feasibility analysis showed that the Benefit
Cost Ratio (BCR) value of Nata de coco processing industry was greater than 1 (2.32-
2.48), as well as the NPV value was positive. This result illustrates that the amount of
net receipts is much higher compared to the amount of expenses, or it is profitable to
strive for. Meanwhile, the IRR value shows a number higher than the discount factor
set, namely 12%, 15%, and 20%. In the conditions of prices and products specified
in the analysis, obtained IRR of 35.3% and 39.7% or greater than 20% means that the
investment allocated to the industrial business provides the maximum profit, assum-
ing the marketing of the resulting product is guaranteed. The implementation of this
business obtains additional value of coconut production of around Rp 575/grain, and
farmers obtain additional net profit of RP 350/grain.

Some results of the study reported that the calculation of value-added analysis
of processing Nata de coco with the use of coconut water as much as 400 liters of Rp
350/liter produces Nata de coco of 167.73 kg, with a selling price of Rp 15,000/Kg [15].
Furthermore, it was stated that the average income in the Nata de coco processing
business by the household industry was economically profitable with an income level
of Rp 2,159,445,

3.2.4 Shell charcoal

Shell charcoal is charcoal made by carbonization of coconut shell/shell [16]. In
North Sulawesi, a copra-producing region, coconut shells are found in large quanti-
ties, which is the result of copra making. During this time, the shell was used as fuel
in the manufacture of copra, but most of the rest was wasted. The huge potential of
shell production needs to be utilized for productive activities to increase its added
value because coconut shell processing technology is relatively simple and can be
implemented by small businesses [17].

The economic value of coconut shell can be increased by using it as an industrial
raw material, for example, as a raw material for making activated charcoal. Activated
charcoal is indispensable in the cooking oil processing, sugar, and other food and
non-food industries, because of the ability of activated charcoal to absorb color, gas,
and other impurities [18]. With the increasing need for activated charcoal, the need
for coconut shell charcoal, which is the raw material for making activated charcoal,
will also increase.
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The results of economic analysis showed that the BCR value of shell charcoal
processing industry is greater than 1 (1.28-1.33), as well as a positive NPV value. This
result illustrates that the amount of net receipts is higher than the amount of expenses,
or it is profitable to strive for. Meanwhile, the IRR value shows a number higher than
the discount factor set at 12%, 15%, and 20%. In the conditions of prices and products
determined in the analysis, the obtained IRR value of 36.2% and 39.7% or greater than
20% means that the investment allocated to the business of this industry will provide
substantial benefits, assuming the marketing of its products is guaranteed. The appli-
cation of this business generates additional value of coconut production of around Rp
85/grain, and additional net profit of Rp 22/grain is obtained by farmers.

The results of several studies show that the average total cost incurred in the
coconut shell charcoal business is Rp 2,8.34.586,57/production; the average income
received by coconut shell charcoal businesses is Rp 5,748,750,00/production.
Meanwhile, the average income is Rp. 2,914,163.43/production. The value of RCR
(Return Cost Ratio) in the manufacture of coconut shell charcoal is 2.02. This indi-
cates that the effort is feasible (RCR > 1). The added value for charcoal shell making
business is Rp. 799.02/Kg [19].

3.2.5 Vinegar acid

Food processing derived from coconut water is processed not only into Nata De
coco but also in the form of vinegar acid. One country that uses the raw material of
coconut water in the manufacture of vinegar is the Philippines by applying a fermen-
tation process to it.

Vinegar or acetic acid is a liquid that tastes sour and is made through the process of
alcoholic fermentation. Acetic acid is commonly used for household purposes as a fla-
voring agent in food. Acetic acid can be prepared from ethanol-containing substrates,
which can be obtained from a wide variety of materials, one of which is coconut
water. In North Sulawesi, the availability of coconut water in abundance is a potential
that has not been fully utilized. Coconut water can be made into vinegar traditionally
by the community through fermentation techniques.

The analysis showed that the industrial BCR value of vinegar acid was greater than
1(2.1-2.8), as well as a positive NPV value. This result illustrates that the amount of
net income is much greater than the amount of expenses, or it is profitable to strive
for. Meanwhile, the IRR value shows a number higher than the discount factor set,
namely 12%, 15%, and 20%. In the condition of product prices determined in the
analysis, IRR values of 36.5% and 39.5% or greater than 20% are obtained, which
means that the investment allocated to this industrial business will provide maximum
net profit, assuming the continuity of marketing of its products is guaranteed. The
application of this business can obtain additional value of coconut production of
around Rp 760/grain and additional net profit of Rp 500/grain for farmers.

3.2.6 Coir fiber

Coconut fiber is a by-product of coconut processing products derived from the
separation process of fruit-skin fibers. The content of coir fiber in coconut is a fairly
large part, which is 35% of the overall weight of coconut. Each coconut grain contains
an average of 525 grams of fiber (75% coir) and 175 grams of cork (25% coir).

The results of observations in the field show that coconut fiber is mostly discarded
at the time of manufacture of copra, or left alone, to rot and dry under coconut
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stands. Manikantan et al. [20] argued that the coconut belt still has a fairly good
economic value. Coconut fiber can be obtained. Coir fiber for coconut-producing
neighboring countries has become an export commodity that supplies the world’s
needs. With this phenomenon, it is increasingly clear that this fact is a great potential
for the development of the coir management industry, which is then expected to
generate increased income, which has a positive effect on increasing the value of
companies that can support the lives of lower- and middle-economic communities
that use coconut coir as their livelihood [21].

The results of economic analysis showed that the BCR value of the coir processing
industry >1 (1.60-1.69), as well as the NPV value was positive. This result illustrates
that the amount of net income is much greater than the amount of expenses, or it is
profitable to strive for. Meanwhile, the IRR value shows a number higher than the
discount factor set at 12%, 15%, and 20%. At the price and product conditions deter-
mined in the analysis, the obtained IRR values of 34.6% and 39.8% or greater than
20% mean that the investment allocated to the business of this industry will provide
substantial benefits, assuming the continuity of product marketing is guaranteed.
The application of this business to obtain additional coconut production generates
value of about Rp 285/grain and additional net profit of RP 122/grain for farmers.

Applied to an integrated coconut industry business like this, when farmers have an
area of 1 ha of coconut with copra equivalent productivity of 2 tons/ha/year or 8000
grains/ha/year, farmers get a net profit of Rp 12,000,000, compared with the present
condition of grain sales, where they only get a net profit of Rp 1.800.000/ha/year.

By building an integrated coconut industry business like this, the value of coconut
production increases by about 5-7 times the value of primary production, industrial
capacity of 1500 grains/day or 450,000 grains per year, or equivalent to 112.5 tons of
copra/year.

The results of research [22] showed that the processing of coconut fiber into
coconut fiber in the integrated agro-industrial business area (strong) in the District of
West Coast could provide added value for the processor of Rp 1.890 for each kilogram
of raw materials and provide an increase in added value of 57.55 percent.

3.2.7 Application of diversification efforts in coconut plantation areas with other
types of crops or livestock

Diversification is the diversification of products to meet consumer needs. This
effort is made to generate added value and increase sales [23]. With this, integration
patterns, land production, and productivity can be increased, or farmers‘income can
also increase and be more resistant to various risks, such as seasonality, price, and
income. Farmers obtained a net profit of Rp 9 million/ha/year or Rp 750 thousand/
ha/month from monoculture coconut cultivation with copra primary products or
granulated coconut with a productivity potential of 2 tons of copra/ha/year (approxi-
mately 8 thousand grains) at a copra price of Rp 10 thousand/kg. Coconut prices
now fluctuate so much that when the price of copra is only Rp 5000 thousand/kg net,
profit obtained is 4.5 million/ha/year or Rp 375,000/ha/month. This is in line with
what Mahmud [24] stated that the coconut monoculture business only earns revenue
of around Rp 2.5 million/ha/year or Rp 200,000/month.

Business development integration of coconut plants with livestock in essence opti-
mally utilizes coconut crop area so that the feed available in quantity and quality is in
accordance with the needs of the cultivated livestock. The more livestock that want to
be cultivated, the more feed products produced per unit area of coconut farming. The
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results of observations in various areas of coconut centers where farmers cultivate
cattle in coconut plantation areas, with traditionally only 2 cows, show that every year
the value of income from livestock business exceeds the income from the value of
coconut production (primary product).

Kindangen et al. [25] reported the results of their research on the feasibility of
some business patterns of integration of coconut crops with livestock. In the integra-
tion business pattern, a coconut + corn + cow (3 parents) in the 1st year earned a profit
of Rp 525,000, in the 3rd year Rp 11.285,000, in the 7th year Rp 15,005,000/ha/year,
and in the 10th year Rp 24,450,000/ha/year. Business integration pattern b, coconut
+ corn + cow (8 parents) + grass king, in the 1st year obtained a negative profit above
Rp 4000,000; in the 3rd and 5th year, it obtained a profit above Rp 10,000,000 and
Rp 11,000,000/year, respectively. Furthermore, in the 7th and 9th year, the profit
became more than 2 times from each has reached more than Rp 23,000,000/year. Most
of the labor can be family labor, especially for the maintenance of livestock, so that
family income becomes greater. In the 3rd to 5th year, the total family income reached
above Rp 16,000,000/year, and in the 7th to 9th year, it reached above Rp 28,000,000/
year. The business implementation is designed for a 10-year period, and during the
3rd to 5th year, the plan resulted in an added value that was almost four times greater
than that of a coconut monoculture alone. By the 7th to 9th year, the added value had
increased to more than seven times its original value. Overall, through integration
with cattle, the added value is almost 2 times, starting from the 3rd to the 5th year, and
starting from the 7th year, the added value reaches 3 times more than just the integra-
tion of coconut + corn.

The application of this business pattern contributes to the income from cattle
business to be greater, with the proportion reaching 75%. In the integration busi-
ness (pattern C) coconut + grass king + gamal/lamtoro, the early years of the period
required considerable initial funds of more than Rp 80,000,000, especially due to
investment for 20 cows/year, and starting from the 3rd year, a profit of more than
Rp 28,000,000/year was reached, and this number was reached until the 5th year.
Furthermore, starting from the 6th year, profits of more than Rp 50,000,000/year
were obtained.

3.3 Value chain implementation prospects

The potential to obtain a minimum income value of about 3-5 times the existing
conditions is very likely to be achieved through the development of processing activi-
ties of some products, and the exploitation of other crops and livestock in the coconut
plantation area. The development of various productive business activities will be faster
if supported by building and empowering economic and social institutions toward
village-owned enterprises. The application of productive coconut farming that can
produce diverse products coupled with the processing of various coconut products will
gain added value for farmers. If the potential of coconut copra is equivalent to 800 tons/
village as mentioned earlier, it means that during this time, the coconut farming commu-
nity will have lost about ten billion rupiah/village. If only all the leading commodities in
this area of the development system approach the value chain, then during this period in
every village, coconut centers will have lost tens of billions of dollars. It must be realized
that the result of this kind of helplessness is the main cause that more and more people
who continue to pursue business in the agricultural sector become poor, even very poor.

The development of coconut farming through the value chain approach is identi-
cal to the business development of farming communities in rural areas in the future.
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Therefore, if this business starts to be pursued now and is carried out consistently by
all relevant parties and is sustainable and fully supported by all relevant institutions,
then only, in a relatively short time, there will be a real improvement in the economy
of the community and the region. With the establishment of economic institutions,
including the seriousness of the government to facilitate it, it can be predicted that the
condition of the farming community in the next 5.10-20 years is likely to be better.
Dornan and Maxwell [26] argue that true success is determined by our attitude. The
success we achieve depends more on the way we think than any other factor.

Success in the development of various agricultural commodities, the human
factor being the most decisive in this regard, concerns the attitude of the main
actors, especially the farming community itself and related supporting elements.

In the early stages, the attitude of farmers’ institutional managers is decisive for the
achievement of success. The main thing that must be instilled in the institutional
managers of agricultural communities is to respond positively to this institution as
the main foundation for realizing the welfare of agricultural communities in the
future. Formation of professional business people is a long process; its formation can
only be done through practicing the business world through the processes of struc-
turing, communication, and management systems and rational leadership, as well as
a steady career plan [27].

Therefore, it is necessary for all members of an institution to learn and apply a
positive thinking attitude when facing various challenges in the development of agri-
cultural businesses with measurable results. As institutional managers, their respon-
sibility at the initial stage is to create a simple business plan in their environment that
will then be conditioned per the role of each actor to behave and behave positively
so that their development is better in the future. The future of farmers in rural areas
is expected to be about not only the economic growth of each farmer and region but
also more than that. The future of farmers is expected to improve measurable welfare,
realizing the guarantee of a decent farming family life in a sustainable manner.

The North Sulawesi province has several villages around 1500, and about 50-60%
of them have coconut planting area, and future development should be such that
each village can design the development of coconut farming through the value chain
approach, at the initial stage, with the acquisition of added value of an average of Rp
300 million/village/year and then the acquisition of added value of all existing vil-
lages of Rp 450 billion/year or about 1.8-2% of Gross Domestic Product (GDP) at the
prevailing price. The acquisition of added value from this amount will allow each vil-
lage to gradually build a village-owned enterprise. In the 2004 regional autonomy law,
it is stated that “villages can establish village-owned enterprises based on the needs
and potential of the village” [28]. Therefore, any combination of existing farmer
groups can design their income per farmer household in the short term (1-2 years),
medium term (5 years), and long term (>10 years).

Through the presentation of value chain analysis, it is expected that the insight of
the farming community will be open so that though farmer groups and farmer group
associations immediately design it for each member in the next 5 years, a minimum
income of Rp 50 million/ha/year will be obtained, and there will be a real increase
in each period over the next 5 years. This will soon happen en masse if this effort
becomes a program in every coconut center village that will be designed for develop-
ment every 5 years along with the target type and number of products to be produced.
The existence of the authority of regional autonomy should be the economic condi-
tion of each village where all the assets of the farming community need to be designed
to achieve the target results for each year.

113



Agricultural Value Chains — Some Selected Issues

3.4 Strategic increase in the added value of coconut farming

Coconut farming, which is the mainstay of increasing farmers‘income, in the
future is faced with various challenges that hinder its development, so anticipatory
steps are needed to develop effective strategies, namely operational steps that can
maintain and even increase the added value of coconut farming.

Challenges that are predicted to arise in the development of coconut farming are
related to the provision of raw materials for coconuts. Many coconut plants are now
unproductive due to the relatively old age of the plant and disruption of plant pest
organisms. This condition aggravates the achievement of coconut production, whose
productivity is also not optimal because the coconut seeds planted are not superior
varieties, but random seeds.

Many coconut farming systems still focus on primary products because the
downstream industries that process coconut development are still limited. Coconut is
known as a versatile tree that has not been managed optimally. The economic utiliza-
tion of coconut is mainly focused on its fruit, shell, fiber, and sticks. This traditional
approach reinforces conventional coconut farming activities. However, at the macro
level, there are challenges due to the lack of government support for coconut farmers.
Agricultural development priorities are still oriented towards staple food production,
particularly rice.

Nasution and Rachmat [29] conducted research on aspects that hinder the devel-
opment of oil palm related to market demand, lack of technological adaptation, and
lack of capital controls. On the prediction of development challenges and constraints,
coconut farming solutions include coconut cultivation, plant rejuvenation, and
diversification of coconut processing. Based on these lessons, we developed strategies
to improve added value of coconut products, which are differentiated according to
upstream sub-sectors, aquaculture, and downstream sub-sectors.

In the upstream sub-sector, efforts to increase added value are focused on the
introduction of superior seed use, provision of rejuvenation, rehabilitation, expan-
sion, empowerment of farmer groups, provision of supporting facilities, improving
the quality of post-harvest tools, and capital facilitation and initiatives to form farmer
corporations. Local governments are expected to make efforts to trigger copra prices
by developing the coconut cooking oil industry on the scale of farmer groups, namely
by assisting farmer groups with coconut oil production machines and also through
government efforts to improve the welfare of farmers [30, 31].

Anticipatory steps to maintain the continuity of coconut business development
include replacing old plants and damaged plants and unproductive plants by rejuve-
nating plants. Although results are not obtained in the short term, at least for the long
term, farmers are guaranteed to get a source of income from this coconut plant. To
do rejuvenation takes approximately 4 years to produce again. Relatively long term
concerns the needs and continuity of income. Therefore, while rejuvenating, farmers
are encouraged to take advantage of vacant land with annuals as intercropping plants.

In a situation of decreasing prices of coconut products, including copra, efforts to
reduce the risk of agricultural income through intercropping are an effective option,
especially in monoculture coconut cultivation. Intercropping among coconut plants
is supported by the results of Agronomic Research on monoculture plants whose land
utilization is only 20 percent.

Other strategies to increase the added value of coconut farming in the upstream
sub-sector are capital credit facilitation for intensification, rehabilitation, and
rejuvenation; technical and institutional development of production; the existence
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of institutions such as “Coconut Board;” provision of Information Technology and
market; improvement of the legal status of business land ownership; and infrastruc-
ture development.

Rejuvenation/rehabilitation of monoculture coconut plantations in a range of old/
damaged/unproductive plant conditions, with superior varieties, through an inte-
grative people’s agricultural diversification system is based on coconut plants, with
spacing arrangements (up to 16 M x 6 m) integrated with livestock. In the subsector
of cultivation, efforts are made to intensify the control of plant pest organisms and
farm diversification.

Diversification of coconut farming aims to anticipate the decline in coconut farm-
ing performance. When the condition of coconut marketing goes down, farmers are
still saved economically because there is a harvest of intercropping plants cultivated
in the alleys of coconut plants. Vacant land between coconut trees used for crops or
short-lived annuals can provide income for farming households.

The practice of diversifying coconut businesses with food crops, industrial crops,
and horticultural crops has been practiced by several coconut farmers in North
Sulawesi. Besides being able to obtain added value from the sale of coconut plants,
the existence of intercropping plants has proven effective in improving coconut
production performance. In the downstream sub-sector, increasing the added value
of coconut is done by diversifying the processing results, increasing the capacity of
coconut farmers, and improving the performance of market promotion.

In addition, to ensure the sustainability of coconut cultivation, it needs the
support of existing institutions such as farmer groups and community economic
institutions (cooperatives). Agustinus et al. [32] stated that to improve the value
chain, namely to strengthen farmer groups’ existence to increase bargaining power
and reduce transaction costs in marketing. Meanwhile, increased vertical coordina-
tion is carried out by building a network of partnerships with market participants
and fulfilling contractual agreements in profitable markets. One of the institutional
functions is as a vehicle for learning, cooperation, discussion, and capital.

The success of coconut cultivation is not only determined by technical factors.
Aspects of knowledge, attitudes, and skills of the main actors and business actors are
also determining factors. Therefore, increasing the capacity of the main actors and
actors of coconut cultivation is very important. Coconut plantation management by
farmers is strongly influenced by coconut market conditions. In market conditions
that provide attractive prices, farmers generally manage coconut plantations well. The
outpouring of family labor is aimed at the management of coconuts in the garden or
field, since there is hope of obtaining an adequate income. However, when the market
price of coconut plummeted, farmers do not pay attention to the coconut harvest.
Another strategy is to encourage synergy in the development of coconut and coconut
processing industries, as well as the empowerment of coconut planters through a
partnership management-based economic togetherness system with institutional
strengthening of farmers through community economic institutions.

4, Conclusion

Value chain approach in coconut farming system, synonymous with sustainable
business development for farming communities in rural areas in the future, comes
as a major actor. The implementation of the value chain provides added value in a
sustainable manner and the creation of harmonious communication between coconut
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business actors. Value chain approach in coconut farming is still likely to be improved
3-10 times from current conditions.

The development of the maximum added value of coconut farming requires
collective action through the sale of products, the purchase of production facilities,
investment capital, as well as access to information about new technologies. Success
in the development of coconut farming, the most decisive being human factor in this
regard, concerns the attitude of the main actors, especially if the farming community
itself is supported by related supporting elements. At the initial stage, the attitude of
farmers’ institutional managers is decisive for the achievement of success. The main
thing that must be instilled in the institutional managers of agricultural communities
is to respond positively to this institution as the main foundation for realizing the
welfare of agricultural communities in the future. It is hoped that this institution will
become an economic and social force in the village that can access the needs of farm-
ers in the management of coconut farming.

The future of farming communities in rural areas is expected to contribute to not
only the economic growth of every farmer and region but also more than that. It is
expected that there will be a measurable increase in welfare, realizing the guarantee
of a decent farming family life on an ongoing basis. Using the value chain analysis
approach, it is expected that the farming community will gain insight and benefit
from the program. The goal is for each member of the farmer group and combined
farmer group to earn a minimum income of Rp 50 million/ha/year in the next 5 years.
Subsequently, the development plan will be updated every 5 years, with the target of
increasing the production of goods by at least Rp 50 million/ha/year. The principle of
regional autonomy should ensure the economic well-being of each village, where all
the assets of the farming community should be utilized to achieve yearly results.
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Chapter 8

Are There Adequate Incentives for
Research and Innovation in the
Plant Breeding Supply Chain?
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Abstract

The breeding supply chain has expanded with genomic technology to include basic
research scientists and applied genomicists along with traditional plant breeders and
farmers. Genomicists have focused on identifying specific DNA sequences or quantita-
tive trait loci (QTL) that can be used as molecular markers. However, the use of
molecular marker-assisted selection (MAS) by breeders in their programs requires the
identified QTL to be reliably correlated with agronomically desirable traits. Replication
research is critical for reducing the risk associated with the adoption of new marker-
based (or QTL-based) selection strategies, but the applied scientists doing genomics
research often do not have the incentives to do replication and other research required
to verify the reliability of markers. The misalignment of incentives in the breeding
supply chain can curtail the development of the projected advances in food production
by genomics research. Using a sample of 24 genomic journals, we found more highly
ranked journals tend to favor new research on identifying new QTL over replication
research on previously identified QTL. Given that breeders will tend to adopt only those
markers perceived to be reliable, the implicit lack of incentives for basic and applied
genomic scientists to undertake replication research can impede agricultural innovation.

Keywords: genomic technology, plant breeding, replication research, QTL discovery,
supply chain

1. Introduction

The challenge of meeting the food and energy needs of a growing, increasingly
wealthy, and global population from a finite and increasingly compromised resource
base is formidable [1]. The hope of meeting the challenge rests with continued scien-
tific progress and innovation [2]. Technological developments through the 20th cen-
tury, largely fueled by publicly funded research programs, allowed the amount of
agricultural output to nearly quadruple while the weighted index of real prices for 18
associated products has fallen by 75% [3]. Given the limited availability of untilled
farmland and increasing agri-environmental constraints, future expansion will have to
occur from increases in the productivity of cultivated land [4]. However, the rate of
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yield growth has generally declined since 2000 as governments have shifted funding
to other priorities [5].

Scientific discoveries in the field of genomics create the potential for substantial
future yield increases. The scope for innovation associated with genomics and related
fields has some dubbing the 21st century as “the century of biology” [6]. In agricul-
ture, genomic science is rapidly expanding the pool of knowledge that can accelerate
the development of improved crops and animals. To realize this potential, it is impor-
tant to consider the process of innovation and, in particular, how scientific knowledge
gets translated into new products and processes.

Genomic research has resulted in the sequencing and mapping of the DNA for
most large commercial crops and most of the important livestock species [7]. To date,
genomicists, working with breeders, have been able to identify thousands of specific
DNA sequences or quantitative trait loci (QTL) as molecular markers associated with
many important (phenotypic) crop traits. As a result of these discoveries, many
breeders are now using molecular marker-assisted selection' (MAS) to augment phe-
notypic selection in their breeding programs. Importantly, this knowledge is only
useful to breeders when the QTL are reliable (i.e., they are highly correlated with the
trait), the trait is commercially (agronomically) important, and MAS is cost-effective
to deploy. The process of successful innovation or deployment of genomic knowledge
requires the coordination and the activity of basic research scientists and applied
scientists working with breeders and seed firms, the commercial development of
sequencing platforms and equipment, and in the end, the farmer adoption of the new
genetics in the form of new crop variety or animal genetics.

The breeding processes involving genomic research can be considered within a
supply chain framework involving four relatively distinct groups: (1) basic research
scientists who make discoveries useful to applied genomicists, (2) applied genomicists
who develop molecular markers by identifying the associations between genes and the
expression of a given trait (3) breeders who use MAS in their breeding program, and
(4) farmers who incorporate the new varieties into their operation to increase pro-
duction [8]. For this supply chain to operate effectively, each link must be strong and
securely connected to the adjoining links in the chain. Each link must have the
required resources and incentives to produce what is needed for uptake downstream.

This brings us to the issue addressed in this paper. While breeders need reliable
markers (QTL), the applied scientists doing genomics research often do not have the
incentives to do replication and other research required to verify the reliability of
markers. The misalignment of incentives in the breeding supply chain has the poten-
tial to curtail the development of the projected advances in food production made
possible through genomics research.

In this paper, we consider how the development and use of MAS in plant breeding can
be influenced by the metrics used to reward basic and applied genomic scientists. We
show that scientists will be incentivized to focus on new QTL discoveries at the expense of
verifying the previously discovered QTL through replication research if the metric used to
reward these scientists is the relative rank of the scientific journal in which their article
appears. Journals are ranked by the number of times a scientific article is cited by later
scientific articles, and it is more prestigious for a scientist to publish in higher-ranked
journals. Any bias in the type of articles accepted by more highly ranked journals would

! MAS is a form of genomic selection where a relatively small number of genetic markers are used in the
selection process.
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affect the type of research carried out. We will show that more highly ranked journals
publish more articles on MAS discovery rather than verification. Given that breeders will
tend to adopt only those markers perceived to be reliable, the implicit lack of academic
reward for verification studies can distort incentives for basic and applied genomic scien-
tists to undertake replication research, which, in turn, can impede agricultural innovation.
Having highlighted this issue, we make a more general argument that applied genomic
researchers have a unique role in innovation systems and, therefore, require a modified
set of incentives rather than just relying on journal ranking alone.

The replicability crisis identified by Ioannidis [9], later documented by Open
Science Collaboration [10], Baker [11], and Fanelli [12] compounds the incentive
compatibility problem. Ioannidis [9] finds that most biometric studies may be false or
an expression of a prevailing bias. Open Science Collaboration [10] conducted repli-
cations of 100 experiments published in three high-ranking psychology journals in
2008 and found that while 97% of the original experiments had statistically significant
results only 36% of the replications had statistically significant results. In a survey of
scientists’ views of reproducibility by Baker [11], over 70% of the 1500 researchers
surveyed reported that they have tried and failed to reproduce another scientist’s
experiments and 52%, 38%, and 7% of respondents stated that there is a “significant
reproducibility crisis,” “slight crisis,” or “no crisis,” respectively. Fanelli [12] con-
cludes that although science may not be facing a reproducibility crisis, reproducibility
is an important challenge that needs to be addressed. All these issues create further
disincentives for researchers attempting replication research and have subsequent
implications for the design of research funding programs.

The private rewards for discovery research, including prestige from publication in a
higher quality journal, should be higher given the higher costs and skills to undertake
such research. However, the idea of incentive misalignment stems from the public
aspect of the benefits of replication research along the supply chain. Replication research
and new research can be viewed as complementary inputs in productivity growth
stemming from plant breeding. Thus, the public marginal benefits of some new/discov-
ery research may be wasted if not coupled with replication research. Our research does
not prove that the mix of replication and new research is suboptimal, but it does give
some evidence that it might be. Further research is needed to assess potential efficiency
gains from alternative mixes of new research and replication research.

The remainder of the paper is organized as follows. We begin with a conceptual
framework that is informed by a description of the research and development
required for the implementation of MAS in plant breeding. We also describe factors
that breeders weigh in their adoption decision. Given the literature on supply chain
management (SCM) and incentive alignment, we review previous studies that have
examined agricultural innovation systems and incentives. Based on this literature and
the description of the research and development required for the implementation of
MAS in plant breeding, we develop a potential rationale that suggests that there may
be a lack of incentives for replication research in genomics. To assess this rationale, we
examine the statistical relationship between marker discovery versus verification and
journal ranking. Building on the results of this analysis, we show that output metrics
based solely on journal ranking, create a strong incentive for genomic scientists to
focus on discovery rather than verification, and without verification, the MAS is less
likely to be adopted. We conclude the paper with a discussion of the implications,
arguing that funding bodies and public administrators interested in innovation should
consider a broader range of metrics regarding replication research, particularly given
the value of applied research to downstream users.
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2. Conceptual framework
2.1 The plant breeding supply chain and genomic selection

The use of marker-assisted selection (MAS) has become an important tool for the
breeders of many crops. Recent advances in genomics have linked particular DNA
molecular markers to the phenotype or function of the plant. Breeders are increasingly
using these molecular markers to help, select, and screen the plants for their breeding
program. For example, if a wheat breeder is interested in developing varieties resis-
tant to a particular strain of leaf rust, the molecular marker for rust resistance can be
used as a screen to identify lines with this resistance trait, saving time, and, poten-
tially, cost in the breeding process. This usefulness of MAS has created a demand for
applied genomics science where researchers work to find molecular DNA markers
associated with important phenotypic traits in crops.

The use of MAS in breeding programs relies on the existence of markers of inter-
est, their reliability, and the breeders’ cost of implementation. For many crops, there
is already a long list of molecular markers, often numbering in the thousands [13]. A
breeder must judiciously decide which markers to use in their breeding program
because the total number of markers that can effectively be used for variable selection
is limited by the effect on plant populations. If the traits exist in a single gene of a
heterozygous parent, only half of their offspring will inherit the trait. As such, every
time a marker is used for selection, it will reduce the size of eligible lines in the first
generation (F1) by 50%. If a breeder uses four markers to select the first generation,
only one in 16 of the F1 generation would have all four markers. If 10 markers were
used, 1in 1024 would meet the screen, eliminating 99.9% of the lines. As such,
breeders must very carefully consider which markers and how many markers they are
going to use in their breeding program.

The cost of implementing MAS will also affect both the number of markers and
the stage of implementation in the breeding program [13]. One of the strongest
drivers of increased MAS adoption has been the decrease in the per-sample cost of
analysis using technology. Early technologies had limited scope and were time-
consuming and labor-intensive, resulting in large costs per sample. When MAS
application was expensive, breeders would either avoid using them, use them for the
parent lines only, or use them later in the breeding process at F4 or F5 generation,
after they had considerably narrowed the potential number of lines by other means.
As the sample cost has fallen, more breeders are able to use MAS in the selection of
F1 generation.

Marker reliability is critically important for breeder adoption. Markers are
typically discovered through a statistical association of a particular phenotype and
the genetic marker. If the marker and a single gene responsible for the trait are
closely located on the same chromosome, there will be a high correlation between
the existence of the marker and the phenotype produced by that gene. If,
however, the marker is not close to the gene responsible for the phenotypic trait,
the gene can exist in the absence of the marker (i.e., a type 1 error) and the
marker can be present without the phenotypic trait (i.e., a type 2 error). A
marker is considered reliable when both type 1 and type 2 errors are close to or
equal to zero.

The economic costs of both type 1 and type 2 errors are important. In the case of
type 1 error, selecting a line that does not have the desired trait increases the cost of all
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subsequent downstream development, until the error is found. For example, if a
program carries 20% of lines that do not have the desired trait, the costs per viable line
would increase proportionally. With type 2 errors, rejecting a line that in fact does
have the desired trait reduces the number of lines that could be used for subsequent
selection. A 15% chance of a type 2 error at the F1 stage would require the breeder to
have a population 15% larger to yield the same number of viable lines after the MAS.
Given the economic importance of marker reliability, it is easy to understand why
breeders often identify marker reliability as a key factor in the adoption decision.

The reliability of markers can be improved by further genomic research that tests
the relationship between MAS and desired genes in a larger population while looking
for more reliable markers at each stage. The actual gene (which is the perfect marker)
can be identified often through a process of elimination and more recently can be
verified through gene editing techniques. Given both the theoretical and empirical
evidence pointing to the importance of marker reliability, research that verifies
and improves marker reliability is valuable for downstream breeders and innovation
outcomes.

The development and use of MAS is an excellent example of how certain advances
in science can be mobilized for breeding, resulting in improved crop varieties and
improved agricultural productivity. If one conceptualizes this as an innovation system
involving components of basic science, genomics, applied science, breeder, and com-
mercial use, many individuals and institutions are involved.

2.2 Agricultural innovation systems and incentives

Well-functioning supply chains require communication, coordination, and an align-
ment of incentives for participants along the chain. While markets can play an impor-
tant role in the coordination along a supply chain, markets also often fail, requiring
other mechanisms including contracting or other forms of vertical integration to pro-
vide effective low-cost coordination. Firms or industries that are successful in develop-
ing cost-effective supply chains gain a competitive advantage and can prosper, while
those that fail to efficiently achieve the coordination required, lose market share and can
be driven out of the market. Porter [14] argues that communication and knowledge
flows are key to innovation and the competitive advantage of nations.

An important branch of the SCM literature examines innovation systems that allow
firms, industries, and countries to create and mobilize knowledge to increase produc-
tivity [15]. In our experience, agricultural researchdiffers from many industries
because of the extensive involvement of the public sector throughout the breeding
supply chain from basic and applied research to crop breeding and agronomy to farm
extension programs. However, many of the public-based systems have evolved to
include private research and commercialization firms within the supply chain. A wide
variety of institutional arrangements involving public-private partnerships exist in
crop innovation systems globally [16]. In the case of MAS, much of the basic science,
marker discovery, and verification continues to be done primarily by the public sector,
with private firms increasingly engaged in breeding and variety development.

There are many examples of highly successful crop innovation systems that have
linked cutting-edge genomics with the widespread deployment of MAS and other
applied tools. In the United States, the United States Department of Agriculture
(USDA) and other public scientists have undertaken the basic research and genomics
that have supported the development of very large and sophisticated private
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molecular breeding programs in soybeans and corn) [17]. In Canada, Genome Canada
has supported many large crop genomics projects that are integrated into public,
producer, or privately supported breeding programs. In France, BreedWheat, a

large public-private research consortium made up of 14 organizations, has been
collaborating since 2010 to undertake genomics research with the goal of supporting
the development of wheat varieties [18].

There are also many examples where effective supply chains for MAS have failed
to develop [19]. For example, in our own soybean breeding and genetics lab at the
University of Guelph, we have developed many markers through graduate student
projects that were published but never used in MAS (Rajcan, personal communica-
tion). These failures can be roughly attributed to a lack of resources and/or incentives
required to support the genomic research necessary to develop reliable molecular
markers. Generally, these failures tend to be associated with either minor crops or
crops primarily grown in countries with limited public resources [19]. Other failures
in MAS adoption have occurred where the markers exist but breeders lack the knowl-
edge and/or cost-effective tools to undertake and deploy MAS.

A lack of coordination can impair a supply chain even when adequate
resources exist. One classic failure occurred in the United Kingdom after the
privatization of Cambridge’s highly effective Plant Breeding Institute. After the
sale, genomic scientists that had been part of the institute were strongly incentivized
by the research-granting councils to focus on research with scientific impact as
measured through the rank of the scientific journal where the research is published
[20]. With these incentives, most of the wheat genomic scientists shifted their focus
away from wheat toward model organism crops such asArabidopsis that are geneti-
cally simpler and for which genomic analysis could be generated sooner and published
in higher-ranking journals. This diversion of effort left the private wheat research
industry without the support of public scientists for nearly 10 years. Recognizing the
problem, the principal funder of basic and strategic biological research in the United
Kingdom, the Biotechnology and Biological Sciences Research Council (BBSRC),
along with other research granting councils, created new programs and incentives
for the basic scientist to work with the private breeders, largely resolving the
coordination issue [20].

2.3 Replication research in the breeding research and innovation process

The breeding process occurs through a functional interaction of four relatively
distinct groups: basic research scientists, applied genomicists, breeders, and farmers.
Depending on the institutional (ownership) structure, these interactions can occur
within and across at least two dimensions: private and public [21]. Each of the distinct
functional groups has a set of goals that can potentially be met by the outputs of other
functional groups in the breeding process. These goals shape the incentives for choices
of production activities among the groups. The result of the activities of all four
groups is the production of agricultural crops that ultimately satisfy consumer
demand.

Although the purpose of the plant breeding research and innovation process can be
defined as serving the end-users of the crops, each group within the process may have
its own immediate goals, which are shaped by the formal or informal metrics used to
measure success within each group. The most commonly used metric for determining
the performance of academic researchers who tend to focus on basic research rather
than on applied research is the number of peer-reviewed publications in top journals
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and the number of citations of their published work [22, 23]. In the context of gene
mapping, this has generally meant publishing discoveries of new genotype-phenotype
associations (QTL), with less interest within the academic community in the subse-
quent replication and verification of QTL [24-27]. This indicates that the publication
of new QTL discoveries represents a key measure of the academic genomicists’ per-
formance.

In our view, rather than discovering new QTLQTL, the focus of applied
genomicists is primarily on the verification of QTLQTL that can be used for commer-
cial purposes. Only QTLQTL with a certain degree of stability over populations and
environments have the potential to be commercially viable. Thus, in addition to the
incentives for discovering new QTLQTL, private applied genomicists have incentives
to verify the stability of newly discovered QTLQTL. The set of these QTLQTL is
established by the academic genomicists who may be seeking QTLQTL that lead to
quick publication rather than those associated with commercially desired traits.

Breeders are interested in using the newly discovered QTL for selecting improved
breeds and varieties. The goal is to select superior parent lines to create a population
with distinct genetic features, which are associated with preferred phenotypic fea-
tures. This distinct population can then be registered as a new variety or breed.

While profit is the key performance measure for a private breeding program as a
whole, the number of new licensed varieties is the main performance measure for
public plant breeders. Both private and public plant breeders have incentives to use
the results of published QTL studies if they expect these results to be effective means
of developing a new variety or a breed. The additional criterion for choosing which
varieties will be developed by private breeders is the profitability of the new variety.
In cases where the QTL discoveries, reported in peer-reviewed journals, are not
sufficiently replicated, breeders need to determine which QTL would be useful for
each population anew. Due to the sheer volume of academic QTL publications, the
costs of determining which QTL could potentially be useful for private breeders may
be high. All this increases the costs to plant breeders of adopting MAS strategies
compared to a situation when genotype—phenotype relationships are validated
through verification studies.

The costs for plant breeders to adopt MAS may lead to low incentives for using
genetic markers as a means of developing new varieties or breeds and thus potentially
lower the probability of developing a new variety or breed. Collaboration between
geneticists and breeders remains an important challenge [28, 29]. Xu and Crouch state
that [30] “high proportion of published markers [are] failing at one or more of the
translation steps from research arena to application domain.” Similarly, hold that
“MAS has had only a small impact on plant breeding so far.” As one of the reasons for
this low impact, they identify the low publishing potential of QTL validation studies:

“New QTL ave frequently reported in scientific journals, but reconfirmation of these
QTL in other germplasm and identification of more useful markers arve usually not
considered novel enough to warrant new publications. This is unfortunate because it is
exactly this type of information that is needed for MAS.”

Ref. [31] also note that the “vast majority of publications on the subject are not
considered to have real impact on breeding efforts.”

Thus, the public applied genomicists’ incentives to publish new research at the
expense of replication or verification studies may not be in alignment with the
breeders’ needs for reliable genetic information. Note that although MAS has been
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adopted in breeding programs for several major crop species, the “majority of the
legume crops.... remained untouched with genomics revolution.” Similarly [32],
hypothesize that “top journals, concerned with the need to maintain reputations and
encourage originality, may be less likely to publish replications.” To assess this
hypothesis, we measured the extent of replication research in a sample of genetics
journals. We also tested the link between journal rank and the tendency to publish
discovery versus replication research.

3. Empirical model

Our investigation of the extent of incentive incompatibility within the plant
breeding supply chain consists of two main steps. First is the gathering of data on
scientific articles on QTL discovery research and QTL replication research along with
the ranking of the journals in which they appeared. Second is the determination of the
relationship between the type of QTL research and the journal ranking to test the
hypothesis that more prestigious journals publish more articles on MAS discovery
rather than verification. The next section of the paper discusses the implication of the
results on the design of research programs to ensure incentive compatibility.

Keywords were identified that could be used to search for QTL discovery or
replication research in Google scholar. The preliminary search criterion was initially
selected through consultations with plant breeding experts. The selection process
was supplemented by determining the frequency of keywords and the context in
which they were used for the 2019 volume of four genomic journals: Theoretical
and Applied Genetics, Euphytica, Journal of Genetics, Genetic Resources and Crop
Evolution.

The results from the search of all papers published in 2019 of the four journals are
summarized by journal and type of research in Table 1.” Papers using phrases “QTL
Discovery,” “New QTL”, “Novel QTL,” or “Identified QTL” tended to be the most
numerous in theoretical and applied genetics and euphityca. Papers using these
phrases also tended to be focusing on the identification of particular QTL rather than
on general method development for QTL identification. On the other hand, when
associated with the words “marker,” “gene or allele,” the attributes “new,” “novel,”
“identified,” and “developed” tended to appear in articles that are focusing on devel-
oping methods rather than on the identification of particular QTL.> When it comes to
replication research, “verification,” “replication,” or “confirmation” of a QTL were
the phrases most frequently associated with replicating previous QTL research. Based
on these findings, we selected “new QTL,” “novel QTL,” and “QTL discovery” as
indicators of new QTL research, and “validated QTL,” “confirmed QTL,” “verified
QTL,” “QTL validation,” “QTL verification,” and “QTL confirmation” as indicators of
replication research.

2 We have prepared a summary of key points for each article that contains keywords denoting new QTL
research or replication research. This document is available as supplementary material. Table 1 is the
condensed summary of this document.

«

3 When “new,” “novel,” “identified,” and “developed” were associated with markers, genes or allele they
focused on the identification of markers, gene or alleles that will help discover future QTL. They would not
necessarily outline a complete method to discover QTL but would rather state that this marker will help to

discover novel QTL responsible for a certain trait.
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Journal®
Research Keywords used to classify articles TAG EUPH GRCA JG Primary research
Type focus
New Discovery/New/Novel/Identified QTL 64 37 2 2 Identifying
particular QTL
Discovery/New/Novel/Identified/ 14 7 15 10 Developing
Developed Marker methods
Novel/Identified gene 20 14 3 4 Developing
methods
Novel/Identified allele 3 6 1 Developing
methods
Replication  Verification/Replication/Confirmation of ~ 22 14 0 2 Identifying
a QTL particular QTL
Verification/Replication/Confirmation of ~ 2 7 0 0 Developing
a gene methods
Verification/Replication/Confirmation of 0 3 0 3 Developing
marker methods

“Journals are Theoretical and Applied Genetics (TAG), Euphytica (EUPH), Genetic Resources and Crop Evolution
(GRCE), and Journal of Genetics (JG).

Table 1.
Frequency of keywords by QTL research type and context for four academic journals in 2019.

A variable was created for each journal to proxy the relative importance of discov-
ery QTL research to overall QTL research published in that journal. Four ratios were
calculated to determine the relative importance of discovery versus replication
research for each journal. In addition, a fifth ratio was developed to measure the
importance of overall QTL research (new or replication-related) in the selected
journals. The first three ratios focus on individual keywords associated with new
research while the fourth ratio puts all three keywords together. This approach allows
us to identify keywords that may be more relevant than others as indicators of
differences across journals.

The first ratio, Share New;, is a measure of the importance of new QTL research
relative to overall QTL research for journal i.

New;
ShareNew; = T 1
arelvew New; + Replication, @

where New; represent the number of papers in which “new QTL” appeared in
journal #’s online search form®, and Replication; represents the total number of papers
in which “verified QTL,” “confirmed QTL,” or “Validated QTL,” or “QTL verifica-
tion,” or “QTL confirmation,” or “QTL validation” appeared in journal i’s online

* The journals’ online search pages did not have a specified date range. The results were from any volume/
issue of the journal that would be available online and on the journal’s website.
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search form. A second alternative uses the keyword “QTL discovery” to define the
following ratio

Discovery;

Discovery; + Replication, 2)

ShareDiscovery, =

where Discovery, represents the number of papers in which “QTL discovery”
appeared in journal 7’s online search form. A third uses the keyword novel to represent
new QTL research,

Novel;
Novel; + Replication,

ShareNovel; = (3)

where Novel; represents the number of papers in which “Novel QTL” appeared in
journal 7’s online search form. Finally, all three keywords were used in the following
ratio

ShareNewQTL, — Ne?ui + Discovery; + Noveli' ' )
New; + Discovery, + Novel; + Replication,

The numerator is the number of papers in which all three keywords indicating new
QTL research appeared in a given journal, while the denominator is the number of
papers in which all the selected keywords appeared in the same journal. In all four
ratios, the higher the value, the greater the importance of marker discovery in the
publication of QTL research in that journal. It is important to note that the maximum
value of any given ratio is one, which implies that all keywords are associated with
new/discovery/novel QTL research. The fifth ratio, ShareQTL, represents the share of
papers in which any of the selected keywords (both new and replication-related)
appeared in the total number of papers published in journal i:

New; + Discovery, + Novel; + Replication,

ShareQTL; = AllPapers;

©)

The purpose of this ratio was to assess the overall importance of QTL research
across the 24 selected journals and to test for differences in the ratio between higher-
ranked journals and lower-ranked journals.

The five ratios defined in Egs. (1)—(5) were calculated from any volume/issue of a
specific journal that was available online and on the journal’s website for 24 journals
selected in the crop genomics discipline. The ranking of the 24 journals according to
their respective average scientific journal rankings (SJR) indicators since 2001 as
reported by the SJR (2019) database is listed in Table 2. The SJR indicator weighs the
influence of a journal, based on the number of citations received by the journal and
importance of the journals from which the citations are derived. The higher the SJR
indicator, the greater is the prestige of the journal.

The first step in the analysis is to examine the annual frequency of the three new
QTL keywords (new, discovery, and novel), the frequency of the six replication QTL
keywords (validated, confirmed, verified, validation, verification, and confirmation),
and the resulting share measures given by Egs. (1)-(5). Using the four keywords for
QTL discovery research and the five keywords for QTL verification research, Google
Scholar was searched to identify refereed articles containing those terms in academic
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Rank Journal SJR indicator
1 Trends in Genetics 7.49
2 Current Opinion in Plant Biology 5.49
3 PLoS Pathogens 4.56
4 Plant Physiology 3.77
5 Genetics 3.60
6 Evolution 3.39
7 Molecular Ecology 3.15
8 Journal of Experimental Botany 2.26
9 Journal of Evolutionary Biology 221
10 BMC genomics 2.00
1 Theoretical and Applied Genetics 2.00
12 Genetics Selection Evolution 119
13 Molecular Breeding 1.18
14 BMC Genetics 1.08
15 Journal of Heredity 1.08
16 Crop Science 1.00
17 Cytogenetic and Genome Research 0.95
18 Genome 0.94
19 Tree Genetics & Genomes 091
20 Journal of the American Society for Horticultural Science 0.76
21 Euphytica 0.72
22 Journal of Animal Breeding and Genetics 0.69
23 Genetic Resources and Crop Evolution 0.61
24 Journal of Genetics 0.36
Table 2.

Journals used for calculating the velative frequency of keywords referring to new and replication research in
genetics and their respective SJR score between 2001 and 2018.

journals between 2000 and 2019.° The average of the numbers of papers containing
the respective keywords and the share measures are compared to determine if there is
a statistically significant difference between the top 12 ranked journals from the other
12 with lower SJR rankings. In addition, trends are examined to determine if the
prominence of the keywords has changed over time.

Finally, a regression analysis is conducted with the five share measures for each
journal regressed against its SJR indicator value.

Shave J; = o + p1 SIR; + e ] = New, Discovery, Novel, New QTL,and QTL (6)

> This refers to the presence of said phrases anywhere in the paper, not to the keywords listed at the
beginning of a paper.
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where f, and g, are parameters to be estimated. The implied hypothesis is that
journal indicators may influence the motivation of the journal to publish new research
at the expense of replication research. Alternatively, the causality may run in the
opposite direction. It may be that the relative share of new research boosts the ranking
of a journal. Either way, there would be a relationship between the quality of the
journal and the relative share of new research, and the main aim of our research is to
investigate this potential relationship. We hypothesize that a higher SJR indicator is
associated with a propensity to publish a greater share of new QTL research, which
means that journals with higher SJR indicators would also tend to have higher values
for the ratios in Egs. (1)-(5).

To truly test the claim that top journals have a motivation to publish new research
at the expense of replication research, one would need to analyze the rejection rates
for new research versus replication research rather than the number of observed
published articles. Unfortunately, the data on rejection rates are not available. This is
our best attempt to get around this data problem. The downside is that the strength of
our conclusions is reduced. Thus, rather than testing the hypothesis of journal bias in
favor of new research over replication research, we are assessing potential links and
relationships.

4, Results

The number of papers containing the selected keywords related to QTL research
that are available in the Google Scholar database for all journals from the years 2000
through 2019 are listed in Table 3. The frequency of papers with QTL described as
New or Discovery or Novel has increased steadily since 2000. The trend variables
suggest that each of the research articles containing the key search words “New” and
“Discovery” have increased annually by approximately 11 papers per year while the
number of papers with “Novel” has increased by nearly 17 papers per year. Articles
with keywords for replication research have also increased over time, but the absolute
rate of annual increase is significantly less than the increase in papers containing new
QTL keywords.

Papers with new QTL  Papers with replication QTL New QTL as share of total
keywords keywords measures

Year New Discovery Novel Verifiedor Verificationor Share  Share Share Share
confirmed or confirmation new discovery novel new

validated or validation QTL
2000 40 4 14 5 7 0.77 0.25 054 0.83
2001 42 5 8 8 10 0.70 0.22 031 075
2002 51 12 17 8 29 0.58 0.24 0.31 0.68
2003 68 19 23 14 37 0.57 0.27 031 0.68
2004 92 42 38 18 33 0.64 0.45 0.43 077
2005 91 43 53 29 37 0.58 0.39 045 0.74
2006 135 34 70 13 52 0.68 0.34 0.52  0.79
2007 119 57 69 18 61 0.60 0.42 0.47 076
2008 131 60 76 29 73 0.56 0.37 0.43 0.72
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Papers with new QTL  Papers with replication QTL New QTL as share of total
keywords keywords measures

Year New Discovery Novel Verifiedor Verificationor Share  Share Share Share
confirmed or confirmation new discovery novel new

validated or validation QTL
2009 158 83 94 41 83 0.56 0.40 0.43 073
2010 135 78 106 21 104 0.52 0.38 046 072
2011 159 89 121 34 111 0.52 0.38 0.45 0.72
2012 198 118 126 35 119 0.56 0.43 0.45 074
2013 203 108 139 37 92 0.61 0.46 052 0.78
2014 199 114 184 41 120 0.55 0.41 0.53 0.76
2015 211 128 187 38 138 0.55 0.42 0.52 0.75
2016 218 137 226 34 117 0.59 0.48 0.60 0.79
2017 204 174 265 41 129 0.55 0.51 0.61 0.79
2018 226 208 303 39 128 0.58 0.55 0.64 0.82
2019 257 220 403 38 133 0.60 0.56 0.70 0.84
Mean 146.85 86.65 126.1 27.05 80.65 0.59 0.40 0.48 0.76
Trend 11.06* 10.53* 16.92* 1.86* 7.18* —0.006 0.014* 0.014* 0.003
Std 0.54 0.63 1.49 0.24 0.46 0.002 0.001  0.002 0.001

Error

*Coefficient on trend variable is statistically significant at the 99% confidence level.

Table 3.
Frequency of QTL research papers Google Scholar from 2000 to 2019.

Although the rate of increase is higher for the keywords related to new QTL
discovery compared to the replication QTL keywords, the relative focus on new QTL
research compared to replication research depends on the choice of keywords. The
Share New and Share New QTL ratios did not change significantly over time (Table 3).
However, the value of the Share Discovery and Share Novel increased by approximately
1.4 percentage points annually over the last two decades.

In order to assess whether the increasing focus on new QTL research versus
replication has been driven in part by incentives for academic genomicists, we exam-
ined the frequency of the keywords for each of the 24 journals in Table 4. The
selected journals in Table 4 are listed in the order of their SJR ranking (see Table 2)
and the number of articles, in which the keywords associated with new QTL research
and replication QTL research, are given along with the four ratios indicating the share
of new QTL research to total QTL research. The averages of these measures are
calculated for the top 12 ranked and the bottom 12 of the journals chosen for analysis
and a t-test® used to determine if the difference in averages is statistically significant.

The top 12 journals tended to have higher values for “New,” “Discovery,” and
“Novel” as hypothesized as compared to the bottom 12 of the journals selected. There is
no difference in the average appearance of keywords related to replication between

© The test was paired, two samples for means.
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the two groups of journals categorized by SJR ranking. Given the greater appearance
of new QTL keywords in the top 12 ranked journals compared to the other 12 and the
insignificant difference QTL replication keywords between the two groups of
journals, the relative role of new QTL as a share of total QTL research is higher in the
top-ranked journals is expected. The difference is particularly high for the Share
Discovery ratio and statistically insignificant for Share New.

Next, the difference in the share of papers mentioning QTL research (new or
replication) between the top 12 and the bottom 12 journals was not statistically sig-
nificant. This indicates that there was no significant difference in the level of emphasis
on overall QTL research between the two groups. This suggests that, even though both
groups of journals publish QTL research, the top group puts more emphasis on new
QTL research while the bottom group puts more focus on QTL replication research.
The total number of papers published was higher in the top 12 journals. This might
suggest that QTL research in the top journals competes with a greater number of
topics than in the bottom 12 journals. Higher-ranked journals may publish cutting-
edge lines of research that are not present in the lower-ranked papers. In this setting,
replication QTL research may be at a competitive disadvantage when competing not
only against new QTL research but also against other advanced lines of research in
top-ranked journals.

A final step in the empirical analysis is to examine the relationship between a
journal’s SJR indicator and the value of the four ratios used to proxy the relative
importance of new QTL research to overall QTL research in the journal. The results of
the five regressions (Eq. 5) are listed in Table 5. There is a positive relationship
between the focus on new QTL discovery and journal rank as defined by its SJR
indicator as hypothesized for the first four ratios. The fifth ratio, measuring overall
QTL research, had a negative but not statistically significant coefficient on Share QTL.
The intercepts were positively significant at a 99% confidence level for all five models,
which is expected as the SJR indicator is generally a number greater than zero for most
journals. The slope for Share Discovery was positive and significant at the 99% confi-
dence level, while the slopes for Share Novel and Share New QTL were positive and
significant at the 95% confidence level. This result is consistent with the hypothesis

Dependent variable Intercept SJR indicator R? Adjusted R?

Share New 0.4721** 0.0416 0.0841 0.042
(0.0812)* (0.0416)

Share Discovery 0.2461** 0.095** 0.308 0.276
(0.0841) (0.0304)

Share Novel 0.3656* 0.0643* 0.168 0.130
(0.0846) (0.0305)

Share New QTL 0.6991** 0.0344* 0.2245 0.189
(0.0378) (0.0136)

Share QTL 0.013032** —0.0015 0.0411 —0.002
(0.0042) (0.0015)

“Standard errors are in parentheses.**Significant at the 99% confidence level."Significant at 95% confidence level.

Table 5.
Regression (n = 24) results between focus on new discovery research and SJR indicator (Eq. 5).
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that more highly ranked journals tend to favor new research over replication or
verification research, while the extent of overall QTL research is not significantly
affected by journal rank.

5. Conclusions

The purpose of this paper was to develop a better understanding of incentives for
research and innovation within the plant breeding process. Advances in genomic
technology have brought the potential for significant gains in agricultural productivity
within a much shorter time frame than possible with traditional phenotypic breeding
strategies. The breeding supply chain has expanded with genomic technology to
include basic research scientists and applied genomicists along with traditional plant
breeders and farmers. Capturing the gains made possible by genomic technology will
require cooperation through the key stakeholders within this plant breeding supply
chain.

Genomicists have focused on identifying specific DNA sequences or QTLs that can
be used as molecular markers. However, the use of MAS by breeders in their programs
requires the identified QTL to be reliably correlated with agronomically desired traits.
Replication research is critical for reducing the risk associated with the adoption of
new marker-based (or QTL-based) selection strategies, but the applied scientists
doing genomics research often do not have the incentives to do replication and other
research required to verify the reliability of markers. The misalignment of incentives
in the breeding supply chain can curtail the development of the projected advances in
food production by genomics research.

The metric used to reward basic and applied genomic scientists is the prestige or
higher rank of the journal where their research is published, and this has created a bias
toward identifying new markers rather than the verification of existing markers.
Using a sample of 24 genomic journals, we found more highly ranked journals tend to
favor new research on identifying new QTL over replication research on previously
identified QTL. Given that, breeders will tend to adopt only those markers perceived
to be reliable, the implicit lack of incentives for basic and applied genomic scientists to
undertake replication research can impede agricultural innovation.

However, there may be other factors influencing academic geneticists’ decision to
perform replication research. Rajsic et al. [33] find that cost considerations are impor-
tant in determining the sizes of training populations and the number of replications.
QTL validation examines whether the same QTL appears when the genetic back-
ground is grown in other locations and/or years and whether its effect can still be
detectable when introduced into a different genetic background. Lack of appropriate
funds for public research may contribute to an overall lack of replication studies
published by academic geneticists. Although the lack of replication done by academic
geneticists could explain an overall low ratio of replication research to new research, it
is hard to see why this would cause differences between top-ranked journals and
lower-ranked journals. This suggests that incentives play a role in addition to other
potential factors.

Policymakers designing breeding research and innovation programs must recog-
nize the potential for misalignment of incentives within the supply chain. Rather than
reward applied scientific researchers on the basis of publication surrounding new QTL
in high-impact journals, funding agencies should create incentives for basic scientists
to work with the breeders to focus on the identification and replication of traits
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desired at the farm level. Alternatively, funders of large research projects targeted
toward a variety of development could require, and/or fund, additional verification
studies for new QTL. In the absence of policy change, the lack of verification will
continue to be an impediment to crop innovation.
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Chapter 9

Circular Business Models and
Global Value Chains: The Case of
MagProtein

Natalie Beinisch

Abstract

Global value chain research has focused on the governance of diffuse modes of
production and trade that travel in a single direction, however Circular Economy
business models are by definition closed economic systems, where it is possible for
two parties to act as both buyers and sellers. How then should Circular Business
models be understood within the context of international trade systems? Based on an
approach which explores the principles that businesses make decisions to set business
strategy and the processes through which businesses establish and build external rela-
tionships, this chapter examines the case of MagProtein, a company based in Nigeria
that produces protein for animal feed and fertilizer using black soldier flies. This
chapter finds that although MagProtein’s business model centered on local produc-
tion and distribution, improving operational efficiency and scale depended upon the
activities and organizations participating in global value chains.

Keywords: circular economy, global value chains, circular business models,
black soldier flies, MagProtein

1. Introduction

Global value chain research focuses on spatially diffuse, uni-directional trade
relationships between organizations. However, because Circular Economy approaches
are by definition “closed” economic systems that can also blur the lines buyers and
sellers, the relationship between global value chains and circular business models is
unclear. To date, the global value chain literature has addressed the circular economy
as a topic of theoretical interest, with the question of how circular business models
are connected to global value chains figuring as a critical topic. Regardless, empirical
work that examines the linkages between global value chains and circular business
models is limited, given that trade which can be classified as “circular” is very low.

Through the case of MagProtein, a company that produces protein for animal feed
and fertilizer using black soldier flies in Nigeria, this chapter explores the principles
and processes that link global value chains with circular business models. This
chapter begins with a discussion of how the circular economy fits within the global
value chain literature and the questions that have been raised about circular business
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models in global value chains. Following a description of the research methodol-

ogy, this chapter describes why the insect rearing sector is important to the circular
economy and the types of business models that have been identified to develop the
market for insect protein in developing countries. Next, it describes the business
model of MagProtein and the process it went through to identify and integrate
multinational companies as key partners in its business. This chapter concludes that
even in cases where circular business models are designed for local production and
consumption, they are interdependent with global value chains and the organizations
that participate and support them.

2. Global value chains and the circular economy

Global Value Chain (GVC) literature emerged as a result of the “globalization” of
trade, a phenomenon which describes the “functional integration and coordination
of internationally dispersed activities” ([1], p. 41). GVC analysis focuses on mapping
and explaining the relationships between organizations that participate in globalized
supply chains.

One of the first distinctions made of GVCs is between those that are “buyer-
driven” and those that are “producer driven” [2]. The significance of this distinction
is that it helps to explain the political and social relationships between participants in
the chain. For example, it helps to explain why and how producers comply with envi-
ronmental and social standards set by “lead” buyers [3, 4], sets expectations about the
conditions under which economic and environmental upgrading of the value chain
occurs [5, 6] and helps to explain why increases in labour costs do not necessarily lead
to changes in value chain organization [7, 8].

GVC analysis was developed to describe and explain the organization of and rela-
tionships in spatially diffuse value chains, where purchasing and supply relationships
flowed in one direction. By contrast, “circular economy” challenges the idea that trade
of materials flow in one direction [9]. Terms such as “industry symbiosis” further-
more describe how waste materials from one industrial process may be converted
to other economically productive uses. This has primarily, but not exclusively been
observed to take place within shorter geographical distances such as eco-industrial
parks, where waste is most efficiently converted into productive energy or material
inputs [10]. The “symbiotic” dimension of circular value chains also means that value
chain relationships are more complex, as the lines between “buyer” and “supplier” are
blurred.

Another distinction of circular economy approaches is on business model innova-
tion that focuses on principles of “dematerialization”, “sufficiency” and “efficiency”.
This calls for significant changes in terms of the way we conceive of producer and
consumer relationships. For example, concepts such as “sharing economy” and
“product-as-a-service” reconfigure ownership and purchasing structures [11-13]
and the emphasis on business model innovation as a means to achieve circular
economy goals increases the importance of business eco-system development [14].
This involves different organizational relationships than the producer networks
described by Gereffi [1] in sectors such as garment and toy production.

It is the dramatic changes in the definition of value chain relationships that make
Circular economy approaches appealing from a “Global South” perspective. “Closed
loop” concepts favor local economic development vis-a-vis spatially distributed
chains, creating more potential to develop and retain more value-add activities in
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developing countries. The emphasis of circular economy business models on knowl-
edge retention, digitization and innovation reinforce this point of view and is the
rationale by which organizations such as the African Development Bank have set up
Circular Economy programmes. Some authors, such as Wellesley et al. [15] also point
out that developing countries are inherently more circular in terms of consumption
behaviors and so can also act as models for developed countries. Furthermore, the
priority of effective waste management to enable circular processes creates a space
for the interests and voices of vulnerable economic participants such as waste pickers
and the informal sector to be represented [16-18]. This helps to establish Circular
Economy principles as ones that are intentionally more egalitarian and socially
inclusive compared to alternative trade models.

As a proportion of material production, circular activities are relatively limited [19].
By the estimate of the consultancy Circle Economy, which calculates the volume of
waste produced and subtracts from the volume of materials recovered, circular eco-
nomic activities represent about 9% of total economic activity globally [20]. Thus, with
limited empirical cases available, the exploration of circular value chains through a GVC
approach has been primarily focused on developing research agendas and theoretical
pathways to shape our understanding of the ways that the circular economy approaches
influence value chain relationships [21, 22]. The question of how organizational forms
and business models are suited to the circular economy on a global scale is one among a
number of questions connected to the emerging research agenda ([22], p. 24). By explor-
ing the case of MagProtein, a Nigeria-based company that produces animal protein and
fertilizer using black soldier flies, which sought to develop partnerships with leading
multinational food manufacturers operation in Nigeria, this chapter helps to develop an
empirical foundation to help us to understand the linkages between circular economy
business models and the global economy.

3. Methodology

This chapter uses a single case approach to examine the question of how busi-
ness models are suited to the circular economy on a global scale. According to Yin
[23], there are three types of case-based research, which include 1) Exploratory,
that is intended to develop insights into relatively unknown subjects; 2) Descriptive,
deployed to describe the function of known phenomenon and 3) Explanatory, which
is used to establish cause and effect between variables. Having selected a case that
has established linkages with a multinational company, the case can be classified as
descriptive insofar as it seeks to describe how these linkages developed but it does not
seek to establish cause and effect. Given there is a diversity of business models that
can be classified as “circular” and each have different structural characteristics, it
would be presumptuous to make generalizations from this case about circular busi-
ness models and their relationship to global value chains more broadly.

The descriptive approach is structured around two assumptions. Firstly, that
organizations pursue opportunities based on a logic or “knowledge structures” [24];
that is their decisions are driven by principles which shape their external relation-
ships. The second assumption is that cross-organizational relationships are developed
through iterative steps and these relationships are dynamic." In other words, a process

! The iterative process through which inter-organizational relationships are formed is documented in
Beinisch [25].
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of interactions also governs how organizational relationships form and grow. These
assumptions, that organizational principles drive decision-making, and that interac-
tive processes shape how those decisions are implemented and change are the dimen-
sions that are used to examine how MagProtein’s business model evolved to develop
linkages within a global value chain.

Data collection centered on the case itself. One telephone meeting and three face-to-
face meetings were held with MagProtein. Face-to-face meeting locations were at the
administrative office of MagProtein in Ikorudu, Nigeria at their facilities, in Epe, Nigeria
and at a third location in Lagos, Nigeria. Further online interviews were carried out
with black soldier fly eco-system organizers, based in Ibadan, Nigeria and Groningen,
the Netherlands and with an international beverage company that is a strategic partner
of MagProtein. While the sample size of interviews is small, comprising 5 people
interviewed between 2 and 4 times, the primary intention of the case is to map busi-
ness decision-making principles, processes and interactions, key of which was between
MagProtein and its international partners. Interviews beyond the scope of this interac-
tion would not have yielded insights relevant to the case. The saturation principle was
used throughout the interview process to assure that there was adequate data to support
themes emerging from the case and to identify conflicts in the information gathered.

Public data about the black soldier fly, animal protein and fertilizer sectors in
Nigeria is limited. Interviewees were asked to share available documents about these
sectors, which were used to triangulate the study. Topics raised in the interviews were
likewise cross-referenced with publicly available materials. Where figures are refer-
enced in this study, they come from publicly available sources.

4. Business models for insect protein in Africa

Black soldier flies are primarily reared to produce protein for animal feed. Bio-
waste from insect production, called frass, can be sold as organic fertilizer. From an
environmental perspective, black solider flies are seen as a promising protein alterna-
tive because organic waste can be used as a substrate to grow flies in a hygienic way
[26] and the space needed to rear flies is marginal compared to other types of protein.
As such, insect protein production can address issues such as carbon emissions from
food wastage, food security and land use concomitantly [27-30]. As Soma [31] points
out in her article advocating for the development of black soldier fly protein sector
in Africa, the fact that larvae feed on a wide range of organic waste materials, the
waste that they produce in their lifecycle can be applied back to agricultural activity
in a hygienic and safe way means that black soldier fly rearing is a critical part of a
“circular animal system, where the total protein supply is increased without the need
for additional resources” ([31], p 59).

The potential market for insect-based protein across Africa is argued to be sig-
nificant. According to a report by Manufacturing Africa, a Foreign Commonwealth
Development Office (FCDO) programme, the growth potential for insect-protein in
Africa is substantial, with the report authors estimating annual revenue generation
of 500-700 million USD for the sector by 2030. This estimate is noteworthy because
insect-based protein currently represents a tiny fraction the total market for animal
feed protein in Africa, with very few companies across the continent producing above
100 kilograms of protein per day. The argument that the market is ripe for substantial
growth stems from a view that insect-based proteins are highly cost-effective alterna-
tives imported animal feed [32].
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The market for insect-based protein in Nigeria is only beginning to take shape.
While research on the viability of black soldier flies for fish meal were carried out as
early as 2000 [33], it was not until 2016 that actions were taken to develop the sector,
through the establishment of the Insect4Feed Cluster, a Dutch-funded programme
that was set up to help reduce the costs of feed to farmers. Without much interest
from international feed companies to invest in Nigeria, the Insect4Feed Cluster
decided to focus on developing opportunities for small-hold farmers and young
entrepreneurs in addition to supporting the development of technical standards
(Interview with Technical Expert December 2022).

While insect protein production is highly technical, with capital investment needs
at the industrial scale [34], it is possible to deploy business models that are suitable
for micro and small-scale producers. For example, one technical expert interviewed
likened setting up a black-soldier fly rearing business to purchasing furniture at IKEA
insofar as there is standardized set of equipment and relatively low capital expendi-
ture needed for a small producer to set up an insect rearing operation (Interview with
Technical Expert November 2022).

At the small-holder level, three types of business models that reduce feed input
costs for small-scale farmers have been identified by Soma [31] and Chia et al. [35].
This includes models where:

1. Existing local feed companies incorporate insect protein as a feed ingredient,
cutting the costs of feed inputs for farmers;

2.Farmers cooperate with local feed companies by producing and selling larvae to
feed companies, with the feed being sold back to farmers;

3.Farm-based production of larvae and feed.

At the farm-production level, technologies such as feeding apps help to create
“recipes” for farmers to combine with other accessible ingredients to create feed
that is the optimal nutritional value (Interview with Technical Expert December
2022).

Still, while many aspects of black soldier fly rearing make it accessible to small
producers and farmers, it is very challenging to produce insect protein at an industrial
scale in Nigeria because it is technically difficult to maintain a stable insect population
and to manage its lifecycle. Infrastructure issues such as unstable electricity make the
work of lifecycle management challenging. It is nevertheless industrial scale produc-
tion of black soldier flies at the local level that will make cheaper protein alternatives
more widely available to farmers in Nigeria.

5. MagProtein: global value chains and local production and consumption

MagProtein is among the largest producers of insect protein in Africa and is the
largest producer in Africa, with production output of 800 kg per day and capacity of
1.2 tons per days in 2022.

The business was established in 2017 by George Thorpe and Feyi Akinlotan.
Having been trained as an accountant and working in the financial services industry
for several years, Thorpe was focused on setting up his own enterprise. Initially
focused on a cold chain operations, a chance meeting between Akinlotan, who was
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developing a business plan for black soldier flying rearing, and Thorpe’s father, led
Akinlotan and Thorpe to partner.

Based on research in the aquaculture sector, Akinlotan and Thorpe saw an oppor-
tunity to provide lower-cost inputs to fish feed. With a view that there was a market
need for feed products and the fact that Akinlotan and Thorpe believed insects were
in abundance across Africa, the team was convinced there was a strong business case
and so decided to pilot production.

The goal of the pilot was to determine whether the duo could produce high quality
feed for fish from black soldier flies. The piloting stage was highly experimental.
Knowledge about black soldier fly rearing was mainly collected through online
research and trial and error. In fact, at the time there was no black soldier larvae
available in the Nigerian market, so Akinlotan traveled by bus to Benin to acquire
the team’s first sample. Akinlotan and Thorpe also experimented with variables such
as lighting, mass balance, and temperature. For example, it was by accident that the
team found that larvae reacted to light and through experience that the team found
that even very slight changes in temperature affected the insect lifecycle.

Results from their early pilot produced 100% insect based feed with for catfish
a growth performance of 75% compared to traditional feed, which the MagProtein
team saw as very promising, given that additional ingredients could be added to the
insect meal at a relatively low cost to achieve comparable growth yields.

However, a problem the team had to contend with was the stability of the yields of
the insects they were rearing. MagProtein’ initial business plan had set a target of one
ton of feed production per day. This was based on the investment they were making
into the facility and their assumptions about running it, but did not take into account
the technical and logistical issues associated with acquiring substrate for the insects
and managing their lifecycle. Accordingly, the production yields of MagProtein were
one tenth the order of magnitude of their projections in 2018.

Falling short of their targets, the MagProtein team searched for help from
technical experts outside of Nigeria. The first set of experts MagProtein consulted
was Jeffrey Tomberlin, a Professor of Agri-life research at Texas A&M University.
According to Thorpe, in meeting Tomberlin, “we realized there are many things
we don’t understand; that there were problems in the breeding and we didn’t
know how to control factors and keep them stable” (Interview with MagProtein
December 2022). Tomberlin referred the MagProtein Team to the EVO Consortium,
aresearch consultancy that specialized in black soldier fly rearing. Working with
the Consortium, MagProtein set up and implemented technical specifications and
processes for its production that were designed to produce the optimal yield of insect
larvae. While the MagProtein team found the technical support was an important
developmental step, “it was not enough to take us to the next level. We needed the
technology, to install equipment and to set up the production flow” (Interview with
MagProtein December 2022) and so the team began to search for alternative opera-
tional support.

In parallel to Akinlotan and Thorpe’s work to improve the technical aspects of their
operations, other developments were taking place which led the team to reconsider
their business model. The first development was related to how the team was procur-
ing organic waste. Initially, MagProtein purchased market waste, however this was
logistically complex, expensive and the moisture content of the waste was too high to
be used without additional processing. MagProtein subsequently turned to procure
spent grain from traders. However, MagProtein found that the quality of deliveries
was inconsistent. This was due to the fact that traders sold grain that was mixed with
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other materials or they did not deliver the grain at all as MagProtein competed with
companies who used the grain to produce animal feed. Furthermore, spent grain
needed to be handled in specialized storage facilities so that it would not go bad,
which MagProtein did not have the capacity to handle.

The difficulties of sourcing a consistent supply of organic waste led MagProtein to
determine that it would be more efficient to work directly with industrial producers
of organic waste such as food and beverage manufacturing companies.

The second development was that an encounter with a local farmer led MagProtein
to turn insect excretion, called frass, into another product category. While the team
was aware that frass could be converted to fertilizer and, based on the advice of the
EVO Consortium, were allowing frass to stockpile, they did not invest in frass pro-
duction until they met a local farmer who came to their facility for a visit. MagProtein
agreed to provide a couple of bags of the frass at the end of his visit, with the farmer
returning a short time later to procure a “boatload” (Interview with MagProtein
November 2022). Further research undertaken by the team helped them to under-
stand the commercial potential of frass, which was a high potential fertilizer that was
competitive with imported products.

The conclusion that industrial waste producers were the optimal business partners
to MagProtein and that there was commercial value to frass helped MagProtein’s
founders to redefine its business model towards 2020. Importantly, they determined
that by working closely with large manufacturers, they could optimize the man-
agement of their own supply chain and help large manufacturers with their waste
streams. They also concluded that in addition to supplying waste, corporate partners
could also act as clients, either by purchasing insect protein as a feed ingredient or
by purchasing fertilizer for food growers that were supplying manufacturers. Based
on these revelations, the company redefined its business plan to seek industrial scale
manufacturers as both suppliers and clients.

Understanding that they also had to improve facility operations to expand
breeding capacity, MagProtein sent an email to Avaro Manzanares Rosenberg, who
ran a Dutch-based business called Insect Systems. To the surprise of MagProtein,
Manzanares was “enthused by the big ambition” of MagProtein (Interview with
MagProtein December 2022) and decided to visit Nigeria within two weeks of
their first correspondence, arriving in early 2020. Manzanares was impressed by
MagProtein’s production volumes and introduced the founders to New Generation
Nutrition, a Netherlands-based insect protein specialist that was leading the develop-
ment of the Insect4Feed Cluster in Nigeria.

The introduction came at an opportune time for MagProtein as the company had
been unsuccessfully trying to get in touch with an international food manufacturer to
find a reliable supply of spent grain and New Generation Nutrition had direct links to
the organization and so facilitated a direct meeting.

The multi-national company had set global “zero waste-to landfill” reduction
targets for its factories and production sites and it was the responsibility of local
organizations to determine how to meet these targets. Among the waste streams
produced by the company were spent grain and spent yeast. While the applications
for spent grain were more developed; in addition to insect-rearing; spent grain could
be used as a direct input into animal feed and so the company had a productive way to
valorize spent grain, the company believed that it’s disposal of spent yeast needed to
be optimized. At the time of meeting the MagProtein team in early 2022, the company
was delivering its spent yeast to a composting company. However, composting yeast
into fertilizer was time consuming and, in the view of the company, the composting
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process produced unnecessary greenhouse gasses. Due to the corrosive nature of spent
yeast, the alternatives to convert spent yeast into other products were more limited.
Based on the interests of the company, to minimize the environmental impact and
maximize the valorization of all its waste streams, and the interests of MagProtein,

to identify a stable supply of feedstock for its insects, the company recommended to
trial delivery of spent yeast, a proposal which was accepted by MagProtein.

The results of the pilot were positive, with the initial pilot volumes expanding
from one thousand to twenty thousand liters of spent yeast per day. Because spent
yeast has a high proportion of water content, which larvae also need for growth and
reproduction, MagProtein was able to reduce water and energy expenditures. The
reductions of input costs meant that the insect protein produced by Magprotein was
approximately 50% cheaper that fishmeal on absolute terms and 15-20% cheaper
based on its protein value, making it a highly competitive feed input. Secondly, from
the perspective of the multinational company, the application of spent yeast to rear
black soldier flies was more environmentally efficient and logistically straightforward
compared to composting.

The companys interests to maximize the operational and environmental effi-
ciency of their supply chains also meant the company was open to explore how
the fertilizer produced by MagProtein could be distributed through the company’s
outgrower schemes. According to the company, this level of efficiency was attractive
because “one process is being used to create two resources” (Company Interview
December 2022). At the time of writing, yield trials were underway, serving as
validation that the strategy it had developed from its production ambitions, its early
experience procuring organic waste streams and its decision to produce fertilizer, was
an achievable growth path.

6. Discussion: principles, processes and the integration of circular
business models into global value chains

The chapter explores how circular business models are linked to global value
chains, through the case of MagProtein. Because circular business models have several
characteristics that contradict our assumptions about the structure of global value
chains, specifically that trade is more likely to take place in “closed loops” and parties
in a trade relationship may take on the roles of both buyers and sellers, it is valuable
to interrogate whether linkages between circular business models and global value
chains exist, as well as the structure of these linkages.

The chapter has selected the case of MagProtein because insect rearing is a quint-
essentially “circular” business insofar as it produces valuable forms of energy from
organic waste, using a very small environmental footprint. While possible business
models have been identified that are possible to deploy at the small-holder level in
Nigeria, MagProtein pursued a business model that was designed to be industrial in
scale. The implications of this were that MagProtein needed to work with industrial-
scale partners to secure stable volumes of waste resources.

Potential industrial scale partners were international companies because it was
international companies that were producing the volumes of waste that MagProtein
needed. International companies also had globally established targets that centered
on zero-waste manufacturing principles, which made them more likely to be open to
partnering with MagProtein. Thus, while MagProtein’s entry into the “global value
chain” of a multinational food manufacturer was very local because production and
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distribution it’s products remained within Nigeria, it was the presence and activity
of industrial scale production that enabled the business model of MagProtein to
materialize.

Another aspect of the development of MagProtein’s business model that is notable
is the extent to which global value chains are not just global in relation to trade but
also in terms of research and development and market access.

International linkages supported the development and growth of MagProtein’s
business. Outreach to international organizations was an essential part of the com-
pany’s early business development in terms of technical, operational and market
linkages. In this respect, the study of the integration of circular business models into
global value chains, especially those which emerge in developing countries, should
consider the role played by international technical experts and the ways that they
support circular businesses to integrate into global value chains.
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