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CHAPTER 1

The Imperative for Sustainable Supply Chains

Global supply chains face growing scrutiny regarding their environmental and social
impacts, as various stakeholder groups, including consumers, suppliers, employees,
investors, and governments, increasingly demand sustainable practices [1–3]. Human
rights violations remain prevalent across supply chains, including forced labor, child
labor, unsafe working conditions, and unfair wages [4, 5]. Additionally, supply chain
operations are linked to critical environmental challenges such as climate change,
resource scarcity, biodiversity loss, and pollution [5, 6].

However, voluntary corporate sustainability initiatives have failed to achieve
widespread adoption across supply chains [7]. Consequently, the regulatory land-
scape is shifting from voluntary approaches towards mandatory due diligence and
disclosure requirements [7–9]. In parallel, information technology (IT) offers ca-
pabilities for advancing sustainable supply chains, such as transparency and risk
management [10–12], yet adoption barriers remain substantial, particularly in de-
veloping countries [13, 14].

Therefore, this cumulative dissertation examines the intersection of IT and regu-
lation as mechanisms for advancing sustainability in supply chains. Three articles
address distinct aspects of this comprehensive research field: the first article explores
the technological potential by examining blockchain technology as a mechanism for
enhancing transparency in agricultural supply chains in developing countries. The
second article assesses the regulatory impact by analyzing the potential effects of
mandatory due diligence legislation on cocoa smallholder farmers. The third article
addresses sustainable supplier evaluation by identifying and validating sustainability
criteria for supplier evaluation under mandatory due diligence legislation, with a
focus on suppliers facing heightened human rights and environmental risks.

The dissertation is structured as follows: Chapter 2 establishes the fundamentals,
enablers and drivers of sustainable supply chains and concludes with an overview of
the three articles presented in Chapter 3 - 5. Chapter 6 synthesizes the contributions
across all three articles and discusses their collective implications, limitations, and
future research directions. Chapter 7 provides concluding observations and remarks.
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CHAPTER 2

Sustainable Supply Chains: Fundamentals,
Enablers, and Drivers

This chapter first introduces the fundamental concepts of sustainability (Section 2.1),
supply chains (Section 2.2), and supply chain management (SCM) (Section 2.3), before
addressing the characteristics of high-risk supply chains (Section 2.4). Building on
these foundations, it explores sustainable supply chains (Section 2.5) and sustainable
supply chain management (SSCM) (Section 2.6), followed by an overview of the
sustainable supply chain research landscape (Section 2.7). Afterwards, this chapter
presents IT as an enabler (Section 2.8) and regulation as a driver (Section 2.9) for
sustainable supply chains. The chapter concludes with a summary (Section 2.10) and
an overview of the three articles (Section 2.11).

2.1 Sustainability

The concept of sustainability, while now a cornerstone of global discourse, has under-
gone significant evolution, shaped by historical, political, and scholarly influences.
This section examines this development and derives the understanding of sustain-
ability that underpins this dissertation.

2.1.1 Managing Scarcity and Intergenerational Equity

The first milestone was set by the German von Carlowitz in 1713 [15]. Driven by
severe timber scarcity resulting from late 17th-century forest overexploitation, von
Carlowitz’s Sylvicultura Oeconomica established the foundation of German forestry on
the principle of sustainability: harvesting only as much timber as can be replenished
through planned reforestation.

The second defining milestone came in 1987, when Our Common Future, a report
of the World Commission on Environment and Development (WCED) chaired by
Norwegian Prime Minister Gro Harlem Brundtland, defined sustainable development
as development that "meets the needs of the present without compromising the ability
of future generations to meet their own needs" [16, p. 24]. The report, which called
for "a global agenda for change", became known as the Brundtland Report [16, p. 11].

The Brundtland Report emphasizes that sustainable development requires meet-
ing basic human needs and aspirations in pursuit of a better life for all, both presently
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and for future generations, a goal undermined by poverty, resource overexploitation,
and misaligned technological advancements. Furthermore, the report addresses the
challenges of meeting the demands of an expanding and developing global popu-
lation. This calls for innovation approaches that reflect the specific socio-economic
and environmental conditions of developing countries, rather than transferring tech-
nologies designed for industrialized contexts [16].

While the Brundtland Report succeeded in establishing sustainable development
as a global priority, it has faced scholarly criticism. Hueting [17] criticizes the Brundt-
land Report for adhering to conventional concepts of economic growth despite its
stated goal of sustainable development. He argues that the report inadequately ad-
dresses the fundamental conflict between increased production and environmental
preservation, potentially fostering further environmental degradation. In turn, Kee-
ble [18] acknowledges the report as a remarkable work, yet fears that it may fail to
catalyze necessary action, observing that it had already created little political reso-
nance at the time of publication, while those currently holding power are unlikely
to witness the long-term consequences of present unsustainable practices. While
also acknowledging it as a crucial report, Haland [19] criticizes its imprecise con-
ceptualization of needs, which notably fails to explicitly address the necessity of
consumption reduction in prosperous countries. Furthermore, she emphasizes that
human needs are not fixed but contingent on cultural context and external threats.
Notwithstanding these criticisms, the Brundtland Report remains a foundational
document that significantly shaped global discourse on sustainability and established
the conceptual basis for subsequent frameworks and policies [20–22].

As Hart [23, p. 67] observed, "in meeting our needs, we are destroying the ability
of future generations to meet theirs". Building on this, he argues that achieving a truly
sustainable global economy poses a complex challenge that reaches far beyond pollu-
tion control, touching on broader political and societal issues. While public policy and
personal consumption must evolve, corporations are uniquely positioned to lead this
transition, leveraging their resources, technological capacity, and global influence [23].

2.1.2 The Triple Bottom Line as a Balancing Framework

Ten years after the release of Our Common Future, Elkington [21] proposed the Triple
Bottom Line (TBL), a sustainability framework designed to encourage companies
to move beyond a narrow focus on financial profit. It considers performance and
impacts across three interconnected dimensions: "economic prosperity" (profit), "en-
vironmental quality" (planet), and "social justice" (people) [21, p. 70]. Elkington [21]
emphasizes the interdependency of these dimensions and highlights that they are
dynamic and subject to constant pressure from social, political, economic, and en-
vironmental factors, making sustainability particularly complex.

Therefore, following Elkington, a company is economically sustainable if it generates
long-term economic value while maintaining and developing the financial, human,
and intellectual capital required for future value creation, ensuring competitive costs,
sustainable profit margins, and continuous innovation capacity. This perspective
aligns with strategic management literature (e.g., 24–26), which likewise emphasizes
that long-term viability and survival of the company have long been core concerns.
A company is environmentally sustainable if it manages its environmental impacts
responsibly by minimizing resource consumption, emissions, and waste throughout
its operations and product life cycle while supporting the long-term preservation of
ecological systems [21]. A company is socially sustainable if it respects and promotes
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fundamental social standards, including fair and safe working conditions, human
rights, and product responsibility, and if it actively builds social capital by fostering
trust and cooperative capacity by engaging responsibly with employees, customers,
and local communities, thereby reducing social friction and enabling collective action
toward common purposes [21].

While the TBL framework has been widely adopted [27–29], it has not escaped
scholarly scrutiny. For instance, Milne and Gray [30] and Nursimloo et al. [31] argue
that TBL reporting often leads to selective disclosure, whereby companies strate-
gically report favorable information rather than fostering genuine accountability.
Similarly, Norman and MacDonald [32] criticize the TBL for its problematic use as
a reporting tool, arguing that, unlike financial accounting, the social and environ-
mental dimensions lack a common unit of measure, making non-financial impacts
impossible to meaningfully aggregate and compare.

Elkington [33] himself has expressed fundamental concerns about the framework’s
application. Reflecting on the TBL 25 years after its proposal, he announced a symbolic
recall, arguing that the framework had been diluted into a mere accounting tool rather
than serving as a catalyst for the deeper systemic change and rethinking of capitalism
he had originally envisioned. He further contended that the TBL had failed to displace
the single bottom line paradigm, as company leaders consistently prioritize financial
targets over environmental and social ones.

2.1.3 Sustainability on the Global Political Agenda

Nearly two decades after Elkington’s TBL, the global sustainability agenda took a
more comprehensive form. In 2015, all United Nations (UN) member states adopted
the Sustainable Development Goals (SDGs), which form the core of the 2030 Agenda
for Sustainable Development [34]. The SDGs are built upon a history of international
cooperation, originating with the 1992 UN Earth Summit in Rio de Janeiro, where
Agenda 21 was established as a comprehensive blueprint for global partnership
aimed at integrating environmental protection and human development [22]. The
2030 Agenda seeks to eradicate poverty in all its forms, enhance health and education,
reduce inequality, foster economic growth, address climate change, and protect the
planet. The agenda comprises 17 SDGs and 169 associated targets addressing the
three dimensions of sustainability: economic, environmental, and social [34]. While
primary responsibility for implementation rests with national governments, the 17
SDGs are addressed equally to the private sector, the scholarly community, and civil
society, with the 2030 Agenda emphasizing broad-based partnerships that mobilize
all available resources [34]. Germany, for instance, anchored the SDGs within its
Sustainable Development Strategy, in place since 2002, assigning concrete measures
to each of the 17 Goals with equal priority [35].

According to the Sustainable Development Goals Report 2025, despite measurable
progress, the pace of change remains insufficient to meet the 2030 commitments. Basic
needs such as food security and access to clean water and sanitation remain out of
reach for large parts of the global population, and structural inequalities continue to
limit human potential. These social challenges are further compounded by acceler-
ating climate change and a substantial financing gap that constrains development
progress worldwide [36].
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2.1.4 Sustainability across Scholarly Disciplines

Sustainability attracts scholarly attention across a wide range of disciplines [37–
39]. Studies can be categorized according to the three dimensions of sustainability:
economic, environmental, and social, or may address all three simultaneously. Since
sustainability encompasses a wide range of topics [37, 40], only selected examples are
provided to illustrate the scope of this extensive research field. Within the economic
dimension is explored through investigations of circular economy models (e.g., 41,
42), sustainable finance (e.g., 43, 44), corporate sustainability management practices
(e.g., 45, 46), and sustainable supply chains (e.g., 1, 47). The environmental dimension,
research addresses themes such as climate change and climate protection (e.g., 48,
49), biodiversity and ecosystem preservation (e.g., 50, 51), resource management
(e.g., 52, 53), and the transition to renewable energy (e.g., 54, 55). Finally, the social
dimension encompasses research on consumption patterns (e.g., 56, 57), education for
sustainability (e.g., 58, 59), health (e.g., 60, 61), and social justice considerations (e.g.,
62, 63). As illustrated, sustainability is an intricate and interconnected framework [21,
34]. Consequently, research on one dimension should not be considered in isolation,
as the dimensions often influence one another. For instance, while the study of
sustainable supply chains is typically categorized under the economic dimension, it
frequently incorporates environmental and social aspects as well [64–66].

2.1.5 Understanding of Sustainability

The TBL has achieved widespread recognition and acceptance across diverse research
fields, being extensively applied and validated [67–69]. Indeed, it has evolved into
such a foundational framework that its three dimensions are now commonly un-
derstood as intrinsic to sustainability itself [34, 70–72]. This dissertation therefore
concludes that a company can be considered sustainable when it maintains a balanced
integration of the three interdependent dimensions of the TBL: economic prosperity,
environmental quality, and social justice. This integrated and balanced-oriented un-
derstanding of the economic, environmental, and social dimensions of sustainability
forms the foundation throughout this dissertation.

2.2 Supply Chains

The roots of the concept of supply chain can be traced back to Forrester’s [73] 1958
work on industrial dynamics. Although he did not coin the term supply chain, he
provided a crucial conceptual foundation by modeling production and distribution
systems as interconnected flows, particularly of materials and information, governed
by feedback loops and time delays that often extend beyond functional boundaries
within the company [73].

During the 1980s and 1990s, key contributions by Stevens [74] and Christopher [75]
helped to formalize the idea of the supply chain as an integrated system. Stevens
defines it as an interconnected set of activities managing the flow of materials and
information from supplier to end customer, encompassing not only physical dis-
tribution but also activities such as procurement, manufacturing, customer service,
and information management [74]. Building on this, Christopher conceptualizes the
supply chain as a network of organizations connected through upstream and down-
stream linkages, jointly creating value for the ultimate customer [75]. Both authors
thus treat the supply chain primarily as a manageable, integrated system.
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Chopra and Meindl [76] broaden the perspective by shifting focus to the full
range of actors and flows involved, defining the supply chain as encompassing
all actors directly or indirectly involved in fulfilling customer demand, including
manufacturers, suppliers, transporters, warehouses, retailers, and end customers.
They further distinguish three fundamental flows: information, products, and funds,
with the objective of structuring these flows to efficiently meet customer needs
while minimizing costs. More recently, Chopra [77] and Christopher [78] argue
that the complexity of these relationships renders the traditional chain metaphor
insufficient, proposing instead the notion of a network to better capture the intricate
interdependencies among multiple actors.

For the purpose of this dissertation, a supply chain is understood as a multi-tier
network of entities that are economically interdependent yet legally and operationally
autonomous, such as suppliers, manufacturers, distributors, retailers, and intermedi-
aries, that collectively enable the transformation and delivery of goods and services
from upstream raw-material sources to the end customer. The nodes of this network
comprise not only entities but also physical locations such as warehouses and dis-
tribution centers, as well as IT. The ties connecting these nodes represent material
flows, logistic pathways, information and data exchanges, financial transactions,
and relational interactions. Throughout this dissertation, the term actor refers to any
entity within this network that operates autonomously and pursues its own interests.
Clearly, no single focal company exercises full control over the entire network, par-
ticularly in the upstream or downstream tiers. Because each actor pursues its own
interests, supply chains are best understood not as fully integrated systems but as
partially coordinated structures shaped by a combination of market mechanisms,
contracts, power asymmetries, and formal and informal governance arrangements.

2.3 Supply Chain Management

While supply chains describe the structural network of entities and flows, SCM
addresses the fundamental challenge of coordinating these actors. Building on the
previous Section 2.2, the following section examines how this coordination is con-
ceptualized, what it seeks to achieve, and why it is becoming increasingly chal-
lenging in practice.

2.3.1 The Concept of Supply Chain Management

Houlihan [79] frames SCM as the coordination of goods from supplier to end cus-
tomer, whereas Chopra and Meindl [76] broadens this to include the orchestration
of information, product, and financial flows, with the aim to increase overall supply
chain performance. Mentzer et al. [80] further extends this view by emphasizing
the strategic and systematic coordination of business functions both within and
across organizations, aimed at enhancing long-term performance of the supply chain.
Most comprehensively, Christopher [78] conceptualizes SCM as the strategic coor-
dination of upstream and downstream relationships to deliver superior customer
value while minimizing total supply chain costs. Across these perspectives, SCM is
concerned with the strategic alignment of interdependent but autonomous actors
across the entire network.
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2.3.2 Core Activities and Objectives

SCM coordinates several interconnected activities across the network, including
sourcing, demand management, production planning, logistics, and customer service,
whose integration determines overall supply chain performance [81, 82]. Yet these
activities serve objectives that are often in conflict with one another: cost minimization,
customer satisfaction, flexibility, responsiveness and resilience [77, 82]. Managing
these competing priorities across autonomous actors is precisely what makes SCM
both strategically significant and inherently complex [82].

2.3.3 Value Creation and growing Complexity

Despite this complexity, effective SCM constitutes a significant source of competitive
advantage through two primary vectors: cost advantage, derived from operational
efficiency, and value advantage, stemming from differentiated customer offerings [78].
This aligns with Porter’s [25] value chain logic, whereby competitive advantage stems
from performing strategically important activities "more cheaply or better" than
competitors [25, p. 34]. Extending this view, Cox [83] contends that the competitive
landscape has shifted beyond individual companies to one where entire supply chains
compete against one another, rendering inter-organizational coordination not merely
operational but strategically decisive.

Achieving this, however, requires transparency, trust, and seamless process
integration across autonomous actors [78], conditions that are increasingly difficult
to guarantee as supply chains face growing complexity on multiple fronts. Supply
chains contend with demand volatility and forecasting uncertainty, which can
amplify through information distortion effects across network tiers [84, 85]. As
global supply chains grow more complex, they become increasingly vulnerable
to disruptions such as natural disasters and geopolitical tensions [86, 87]. Beyond
these operational challenges, supply chains are increasingly confronted with
social and environmental pressures [88] that go beyond the traditionally cost- and
efficiency-oriented scope of SCM [82]. Issues such as child labor, unsafe working
conditions, and environmental degradation along supply chain tiers [4, 6] have made
it evident that coordination across autonomous actors cannot be reduced to efficiency
alone, it must also encompass responsibility.

Against this backdrop, synthesizing these perspectives, this dissertation con-
ceptualizes SCM as the operational, tactical, and strategic coordination of inter-
organizational functions, relationships, and flows across network boundaries to
match supply with demand, to deliver customer value, to reduce cost, and to achieve
competitive advantage.

2.4 Structural Characteristics of High-Risk Supply Chains

Not all supply chains are equally exposed to environmental and social risks. Certain
industries, such as apparel (e.g., 89, 90), electronics (e.g., 91, 92), and agriculture (e.g.,
93, 94), are repeatedly associated with severe environmental degradation and human
rights abuses across their supply chains. This raises the question of what structural
characteristics make some supply chains particularly prone to such adverse impacts.
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In this dissertation, high-risk supply chains are understood as supply chains
in which the likelihood and severity of adverse environmental and social impacts
are heightened due to specific structural characteristics. This dissertation identifies
two key structural characteristics: geographic-governance risk and multi-tier opacity.
Together, these characteristics increase the difficulty of monitoring, controlling, and
governing supply chain activities across multiple actors [95, 96].

The following sections develop each characteristic and illustrate how it manifests
across apparel, electronics, and agricultural commodity supply chains. Identifying
these structural patterns provides an important foundation for understanding why
SSCM has become particularly relevant in high-risk industries.

2.4.1 Geographic-Governance Risk

Geographic-governance risk refers to the structural condition in which sourcing
activities are concentrated in contexts where governance capacity is insufficient to
ensure that environmental harm and human rights abuses generate enforceable
consequences. The decisive variable is not the presence or absence of formal regu-
lation: many major sourcing countries have enacted labor and environmental legis-
lation, yet corruption and limited state capacity frequently undermine enforcement
in practice [95, 97]. Risk is therefore structurally elevated where the conditions for
effective enforcement are systematically lacking, independent of whether formal
rules exist [95].

Apparel supply chains illustrate this condition clearly: manufacturing and pro-
cessing are concentrated in lower-wage countries such as Bangladesh, Vietnam, and
India, contexts characterized by weak labor governance and limited enforcement
capacity [95, 98]. Despite formal labor legislation, systemic enforcement gaps per-
sist, as evidenced by recurring violations of safety standards, working hours, and
wage regulations [98, 99].

Electronics supply chains follow a comparable logic: raw material extraction
occurs predominantly in developing countries with particularly weak institutional
frameworks [95]. Cobalt mining in the Democratic Republic of the Congo [100]
and tantalum extraction in the Democratic Republic of the Congo, Brazil, and
Rwanda [101] take place in contexts characterized by limited state capacity, corrup-
tion [95], and in some regions armed conflict and illegal trade networks [102, 103].

A parallel dynamic characterizes agricultural supply chains: cocoa farming in
Côte d’Ivoire and Ghana [5] and coffee production across Colombia, Ethiopia, and
Indonesia [104] take place in contexts characterized by insufficient regulatory enforce-
ment and limited state capacity to ensure compliance with labor and environmental
standards [5, 104, 105].

2.4.2 Multi-Tier Opacity

Multi-tier opacity refers to the structural reduction of transparency and account-
ability as supply chains extend beyond tier-1 suppliers, driven by the depth and
fragmentation of multi-tier sourcing structures and subcontracting practices that
diffuse accountability [96, 106]. Transparency deteriorates with each additional tier,
precisely where environmental and social risks tend to concentrate, leaving abuses
difficult to detect [96, 107]. Beyond the lack of transparency, multi-tier opacity also
undermines the transmission of sustainability requirements: the more tiers a supplier
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is away from the focal company, the less likely that codes of conduct and compliance
expectations are effectively cascaded and enforced down the chain [107, 108].

Apparel supply chains, for example, span numerous countries and production
tiers, from cotton farming through fiber processing to garment assembly [109]. Lower
tiers such as dyeing, bleaching, and fabric production remain largely invisible to focal
companies, leaving upstream conditions unmonitored [98, 109].

In electronics, the path from raw mineral extraction through smelting, refining,
component manufacturing, and final assembly involves numerous actors across
multiple countries [110, 111]. The smelter and refiner tiers act as a critical opacity
node: materials from multiple mines and routes are combined, making it difficult for
focal companies to trace the origin and conditions of upstream materials [112].

Opacity in agricultural commodity chains arises through a distinct but equivalent
mechanism: cocoa and coffee are produced by millions of small-scale farms and
typically collected by local traders, aggregated by regional intermediaries, and sold
to international processors, a supply chain of handoffs that progressively obscures
conditions at the farm level [5, 104].

2.4.3 Synthesis

The two structural characteristics identified above do not operate in isolation but
reinforce one another in systematic ways. Geographic-governance risk establishes the
foundational condition: by concentrating sourcing activities in contexts with weak
governance, it creates the environment in which environmental degradation and
human rights violations can persist with limited consequence [95]. Multi-tier opacity
compounds this dynamic: the structural invisibility of upstream tiers ensures that
violations remain undetected, shielding focal companies from accountability and
removing the informational preconditions for effective oversight [96, 107]. Where both
characteristics converge, environmental and social burdens fall disproportionately on
the most vulnerable actors in the chain, precisely at those nodes where bargaining
power is weakest, transparency is most limited, and violations are least likely to
be detected or remedied.

Across apparel, electronics, and agricultural supply chains, this convergence man-
ifests in consistent patterns. In apparel supply chains, risks concentrate at dyeing and
bleaching, where chemical pollution is most severe, and at garment assembly, where
unsafe conditions, excessive working hours, and child labor are most prevalent [99,
109]. In electronics, risks cluster at raw material extraction, where mining causes
environmental destruction and severe health impacts on local communities, and at
end-of-life processing, where informal electronic waste recycling exposes workers to
hazardous conditions [113–115]. Agricultural supply chains exhibit a similarly con-
centrated profile, with deforestation, agrochemical use, child labor, and persistently
low farmer incomes converging at the farm level [5, 104]. The more such nodes are
located in high-risk governance contexts and remain invisible to focal companies,
the greater the overall risk profile of the supply chain. These structural conditions
define the core challenge that SSCM seeks to address.
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2.5 Sustainable Supply Chains

Building upon the preceding sections, this section integrates these perspectives to
present sustainable supply chains.

Sustainability inherently considers the balance of the three interdependent dimen-
sions: economic, environmental, and social (see Section 2.1). Consequently, a sustain-
able supply chain incorporates these dimensions across its entire scope, spanning
from the extraction of raw materials through suppliers to the final delivery of prod-
ucts to end customers [27, 28, 116]. The realization of such sustainable supply chains
requires management approaches, which are addressed in the following section.

2.6 Sustainable Supply Chain Management

The structural risk characteristics outlined in Section 2.4 underscore the importance
of SSCM, which is further driven by two key forces. On one hand, market and
stakeholder pressures, including consumer and employee expectations, NGO advo-
cacy, competitive dynamics, and reputational concerns, push companies to integrate
sustainability into their supply chain decisions [27, 117, 118]. On the other hand,
increasing regulatory requirements are shaping how companies design and manage
their supply chains (e.g., 9, 119).

Accordingly, the following section examines how SSCM is conceptualized and
what its implies for focal companies managing sustainability across multiple supply
chain tiers.

2.6.1 The Concept of Sustainable Supply Chain Management

SSCM represents the managerial and organizational approach through which sus-
tainable supply chains can be realized in practice. It encompasses the configuration,
coordination and control of information, material and capital flows across organiza-
tional boundaries, with the aim of integrating economic, environmental, and social
objectives into supply chain decision-making to achieve overall sustainable perfor-
mance [27, 120]. Central to SSCM is the notion that sustainability considerations
must be explicitly acknowledged and systematically embedded within a company’s
objectives [28]. Carter and Rogers [28] emphasize that environmental and social as-
pects must be intertwined with a company’s economic objectives, moving beyond
a singular focus on economic gains throughout the supply chain. Their framework
emphasizes the simultaneous integration of the economic, environmental, and so-
cial dimensions, supported by strategic alignment, transparency, risk management,
and an enabling organizational culture. Accordingly, SSCM encompasses a range of
practical initiatives, including the implementation of ethical and socially responsible
business practices, the development of sustainable products, and the reduction of
waste and emissions throughout the supply chain [27, 121, 122]. This reflects an under-
standing of SSCM as an integrative objective that includes economic, environmental,
and social dimensions, consistent with the TBL perspective outlined in Section 2.1.2.

A different picture emerges from the operations research literature, however,
where sustainability is typically introduced as an constraint (e.g., 3, 123, 124). In
this approach, sustainability serves as a boundary condition that feasible solutions
must satisfy, rather than a dimension of value to be maximized alongside economic
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performance.

For the purpose of this dissertation, SSCM is understood as an integrative man-
agement approach through which focal companies pursue economic, environmental,
and social objectives simultaneously across their supply chains. This encompasses
the governance of upstream and downstream relationships and the management of
sustainability risks beyond the tier-1 suppliers.

2.6.2 The Non-Compensability of Sustainability Violations

Unlike costs, environmental and social violations cannot always be offset against one
another to achieve sustainable supply chains [125–127]. While trade-offs are inher-
ent to SCM, prohibited violations are non-compensable: a cost advantage achieved
at one supplier cannot justify human rights violations at another, nor can carbon
neutrality at one production site offset deforestation caused by raw material extrac-
tion elsewhere in the supply chain. Such violations are not performance shortfalls
to be balanced against achievements elsewhere, but breaches of duty that trigger
independent obligations of prevention, mitigation, and remediation [125, 127].

Therefore, for the purpose of this dissertation, non-compensability is understood
as a foundational principle of SSCM: true sustainability cannot be achieved through
aggregation or offset, but requires identification, prevention, and remediation of
prohibited environmental and social violations throughout the supply chain. This
logic is reflected in due diligence legislation which mandates supplier-level due
diligence to prevent and remediate such violations [9, 128].

2.6.3 Risk-Based Transparency in Supply Chains

Addressing sustainability risks, however, first requires insight into where they origi-
nate. In conventional SCM, lower-tier suppliers often remain largely invisible and
tend to become salient only when disruptions threaten supply continuity [129, 130].
SSCM, by contrast, demands a more deliberate approach to supply chain transparency.
Transparency refers to the disclosure of complete, accurate, and undistorted infor-
mation regarding supply chain actors and activities, enabling shared understanding
and informed decision-making across organizational boundaries [131–133]. Yet trans-
parency should not be understood as a uniform requirement across all tiers and
actors. While much of the literature emphasizes the need for transparency across all
actors [96, 134, 135], a more nuanced view suggests that transparency efforts should
be concentrated where environmental and human rights risks are most pronounced.
This is consistent with risk-based due diligence approaches, which prioritize attention
and resources according to the severity and likelihood of adverse impacts [112, 136].
For instance, in highly regulated contexts, such as the European Union (EU), where a
dense regulatory framework already governs business conduct, structural environ-
mental and social risks are comparatively low [95, 137]. The focus of transparency
efforts should therefore lie at those actors in the supply chain where regulatory
oversight is limited and sustainability risks are heightened. Targeted transparency
at these actors not only enables informed decision-making, but also supports the
identification and monitoring of sustainability risks across supply chains.
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2.6.4 Accountability Beyond Tier-1

A focal company’s sustainability performance is contingent on the actions of all actors
involved in its supply chain, as environmental and social issues must be addressed
not only within the focal company and its tier-1 suppliers, but also by suppliers
across multiple tiers [138–140]. This multi-tier complexity raises the question of
accountability: who is responsible for sustainability performance deep in the supply
chain? While each actor bears direct responsibility for its own operations, focal
companies, as primary orchestrators of supply chain relationships, bear particular
responsibility for ensuring sustainability throughout their supply networks [27, 141].
This responsibility is increasingly reinforced by external stakeholders such as NGOs
and the media, who frequently attribute environmental and social misconduct at the
supplier level to the focal company. Consequently, the behavior of any single supply
chain actor can significantly affect a focal company’s sustainability image [142–144].
High-profile cases, including allegations of forced labor in textile supply chains, child
labor in mining activities, and illegal deforestation linked to agricultural sourcing,
illustrate that sustainability risks often originate beyond tier-1 suppliers [145–147].
These examples underscore the necessity of SSCM that extends oversight and
responsibility across multiple supply chain tiers, as reputational, legal, and ethical
exposure does not stop at tier-1 suppliers. Transforming supply chains toward
sustainability therefore requires the systematic evaluation and selection of suppliers
based on economic, environmental, and social criteria [29, 141, 148]. However,
multi-tier opacity makes it difficult for focal companies to effectively monitor social
and environmental conditions beyond their tier-1 suppliers [149, 150].

Taken together, SSCM extends conventional SCM by embedding economic, en-
vironmental, and social objectives into supply chain decision-making, with focal
companies bearing particular responsibility for ensuring sustainability across multi-
ple tiers. Yet effective SSCM requires more than strategic intent: it demands targeted
transparency at those nodes where sustainability risks are most pronounced, and
recognizes that certain violations cannot be traded off against performance gains
elsewhere. As regulatory frameworks increasingly codify these requirements, the
challenge for focal companies shifts from whether to manage sustainability in their
supply chains to how.

2.7 Research Landscape of Sustainable Supply Chains

Research on sustainable supply chains has undergone two fundamental shifts. First,
its primary question has moved from profitability to necessity. While early scholar-
ship debated the financial benefits of sustainability [151, 152], the current consensus
is that companies must address environmental and social challenges [122, 153]. Sec-
ond, its scope has expanded from environmental to holistic. Whereas early studies
focused narrowly on green supply chains (e.g., 121, 154, 155), contemporary re-
search now integrates a comprehensive range of topics across all three dimensions
of the TBL [156–158].

Consequently, this section outlines the current research landscape of sustainable
supply chains, organized around four thematic directions: IT, circular economy, sup-
plier evaluation, and regulatory frameworks, before addressing underrepresented
perspectives.
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2.7.1 Information Technology

A central theme dominating the research landscape is the role of IT in advancing
supply chain sustainability. Scholars such as Seuring et al. [159] and Tsai et al. [160]
identified IT as a critical research domain, with numerous recent studies linking
digital transformation to improved sustainability outcomes [161–164]. For example,
Pervez et al. [165] analyze the link between Industry 4.0 and supply chain sustain-
ability, demonstrating how technological interventions foster operational, network,
and innovation capabilities that support sustainable outcomes. Saidu et al. [166]
explore how blockchain, Internet of Things (IoT), and AI create enhanced traceability
systems, improving transparency for applications such as ethical sourcing and fraud
prevention. However, realizing these benefits is not straightforward, as Chrifi-Alaoui
et al. [167] identify barriers such as high costs and organizational resistance that
hinder implementation. These studies collectively highlight both the potential and
the challenges of IT in supporting sustainability objectives.

2.7.2 Circular Economy

A significant stream of research concerns the transition toward the circular econ-
omy [159, 160, 168]. Within circular economy, IT plays a crucial role in enabling data
management and and information flows across supply chain actors [169, 170]. Vaezine-
jad et al. [170] develop a framework linking digital technologies to circular economy
adoption, emphasizing multi-stakeholder collaboration. Rashid et al. [171] identify
key barriers to circular economy, including inadequate leadership, lack of expertise,
and weak regulatory enforcement. Together, these contributions illustrate that circular
economic transitions require both digital enablers and organizational capabilities.

2.7.3 Sustainable Supplier Evaluation

Another active research stream concerns supplier evaluation and development. While
supplier evaluation is not a new domain [172, 173], its sustainability dimension
remains dynamic and increasingly relevant [159, 174]. Recent studies show growing
interest in advanced analytical methods: Gidiagba et al. [175] demonstrate that hybrid
machine learning techniques enhance sustainable supplier selection; Albayrak Ünal
et al. [176] highlight the value of hybrid multi-criteria decision-making (MCDM)
methods combined with fuzzy logic; and Sithi et al. [174] apply TBL-based criteria to
real-world textile supplier data to show how sustainability goals in supplier selection
can be met. This literature emphasizes supplier selection as a strategic instrument
for embedding sustainability across supply networks.

2.7.4 Supply Chain Regulations

Regulatory frameworks are another major force shaping the research agenda on
sustainable supply chains. Increasingly stringent legislation, ranging from human
rights due diligence (e.g., 9, 177) to circular economy (e.g., 178) and environmen-
tal regulations (e.g., 119), is driving scholarly interest in compliance, governance,
and performance implications [179–181]. For instance, Buttke et al. [182] examines
how the German Act on Corporate Due Diligence Obligations in Supply Chains (Ger-
man: Lieferkettensorgfaltspflichtengesetz, LkSG) shapes stakeholder expectations toward
SSCM, while Zainuddin et al. [183] assess limitations of Australia’s Modern Slavery
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Act, and Su et al. [184] analyze the design of global battery legislation to foster long-
term sustainability. Environmental regulations have received particular attention,
with studies examining the EU Deforestation Regulation (EUDR) [185] and corpo-
rate carbon emission reporting [186]. Together, these contributions illustrate how
regulatory pressure translates into concrete research questions around compliance,
governance, and performance.

2.7.5 Underrepresented Perspectives

A persistent gap in the literature concerns the predominant focus on the focal
company, typically located in developed countries. Scholars argue that supplier
perspectives, especially from developing countries, remain underrepresented [187,
188]. Developing countries often face lower income levels, limited infrastructure, and
weak industries [189, 190], making sustainability challenges more acute. This research
gap has been repeatedly highlighted as a future priority [191, 192]. Addressing
these asymmetries is essential for understanding the global nature of sustainability
challenges.

Overall, this section has outlined key developments in sustainable supply chain
research, highlighting key themes across areas such as IT, circular economy, supplier
evaluation, and supply chain regulations. While several research areas are relevant,
this dissertation focuses specifically on the two forces IT and regulation, which will
be presented in the following sections.

2.8 Information Technology as an Enabler for Sustainable
Supply Chains

IT has long been recognized as a fundamental enabler of SCM [193–195]. As sustain-
ability considerations are integrated, however, its role expands: IT must additionally
support the monitoring, verification, and reporting of social and environmental
conditions across multiple supply chain tiers [196–199].

This dissertation treats IT and digital technology synonymously. While the ter-
minology varies across studies [200–202], both terms are understood here as encom-
passing all technologies and systems that enable the creation, acquisition, processing,
storage, securing, retrieval, organization, and dissemination of data [203, 204].

This section examines the requirements SSCM places on IT, the approaches avail-
able to address them, and the challenges that remain.

2.8.1 Information Technology Requirements

SSCM requires transparency into social and environmental conditions beyond tier-
1 suppliers, particularly at those nodes where sustainability risks are most pro-
nounced [96, 205, 206]. Beyond transparency, SSCM increasingly entails the identifi-
cation and monitoring of sustainability risks, as well as the reporting of compliance
obligations across multiple supply chain tiers. These requirements are reinforced by
due diligence legislation such as LkSG and Corporate Sustainable Due Diligence
Directive (CSDDD), which mandate the documentation and traceability of related
processes to ensure verification and auditability [9, 128, 207].

15



2 Sustainable Supply Chains: Fundamentals, Enablers, and Drivers

Meeting these demands requires IT systems capable of collecting, processing, and
managing environmental and social data across complex, multi-tier supply chains
at the required scale and granularity, while ensuring data integrity and reliabil-
ity [208–210].

2.8.2 Relevant Information Technologies

Blockchain technology, the Internet of Things (IoT), big data analytics, and artificial
intelligence (AI) have emerged as key IT approaches for SSCM, each contributing
distinct capabilities to address the transparency and risk monitoring requirements
outlined above [211, 212].

With regard to transparency, blockchain technology has gained particular atten-
tion for its ability to prevent fraud and promote fair supply chain practices [213–215].
IoT devices such as sensors and RFID tags complement blockchain by generating
real-time data on environmental and social conditions, e.g., carbon emissions, energy
use, and workplace safety indicators [211, 216]. Their integration allows these data to
be securely recorded and traced, enabling monitoring across supply chain tiers [212].

For risk identification and monitoring, big data analytics enables the processing
of large volumes of supply chain data to detect unsustainable practices [12], identify
emission reduction opportunities [217], and facilitate a shift from reactive to proactive
decision-making [211, 218, 219]. Building on this, AI further enhances risk detection by
identifying anomalies in transaction data, supporting compliance with due diligence
requirements, and enabling the processing of large data volumes across sustainable
sourcing and regulatory adherence domains [210, 220, 221].

Collectively, these technologies offer promising capabilities to enhance trans-
parency, risk identification, and monitoring in SSCM.

2.8.3 Limitations and Structural Challenges

While the technologies outlined above offer considerable potential, their effectiveness
as enablers of sustainability ultimately depends on the quality of the underlying
data [208, 210, 222]. Much of the promise attributed to blockchain, IoT, and big data
analytics rests on the assumption that input data are reliable, complete, accurate, and
timely [208, 209]. In practice, however, transparency in supply chains is often based
on self-reported disclosures, selective audits, and incomplete documentation, con-
strained by persistent information asymmetries and limited observability [223–226].
Obtaining granular and timely data from numerous supply chain actors, particularly
lower-tier suppliers, therefore remains an acute challenge [96, 227, 228]. Moreover,
companies may strategically misreport sustainability performance when economic or
reputational incentives exist [229–232], rendering even the most sophisticated analyti-
cal systems subject to the classic garbage in, garbage out problem [208, 233, 234].

Beyond data quality, successful deployment is hindered by several structural
challenges. Access to the necessary infrastructure is unevenly distributed, a disparity
particularly evident in many developing countries where high costs and limited edu-
cational resources further constrain adoption [13, 235, 236]. Additional impediments
include system integration complexity, shortages of skilled personnel, and elevated
cybersecurity risks [210, 237]. The effective implementation of IT also depends on
cooperation among supply chain actors and engagement with regulatory bodies [212].
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Ultimately, while IT can be an important enabler of sustainability goals in supply
chains, it cannot substitute effective regulation, auditing, or genuine management
commitment [238, 239]. IT can support sustainability efforts, but it does not resolve
the underlying problems of data reliability, power asymmetries, or deliberate non-
compliance [64, 210, 237]. Rather, it is the organizational and managerial context that
ultimately determines whether IT reinforces superficial reporting or contributes to
meaningful improvements in supply chain sustainability [238, 240].

2.9 Regulation as a Driver for Sustainable Supply Chains

The regulatory landscape regarding sustainable supply chains has undergone a
paradigm shift over the last four decades. Historically shaped by voluntary frame-
works [16, 241], the field is transitioning toward mandatory regulations that impose
explicit obligations on companies [9, 119, 242]. This section traces these key de-
velopments and demonstrates how regulation has evolved into a central driver of
sustainability in supply chains.

2.9.1 Early Normative Foundations

The foundation of sustainable supply chain governance emerged when interna-
tional organizations began establishing normative expectations without imposing
legal penalties. The Organisation for Economic and Co-operation and Develop-
ment (OECD) first introduced its Guidelines for Multinational Enterprises in 1978, artic-
ulating early expectations for responsible corporate conduct across people, planet,
and society [241]. This early period of soft law was further strengthened in 1987 with
the publication of the WCED’s Our Common Future report, which established the
conceptual basis for sustainable development (see Section 2.1). The report called on
governments and organizations to take immediate action and urged the UN General
Assembly to implement a Sustainable Development Program [16].

2.9.2 The Emergence of Corporate Due Diligence Expectations

A significant step in institutionalizing corporate responsibility occurred in 2000,
when then-UN Secretary-General Kofi Annan launched the UN Global Compact,
encouraging companies to align with the Ten Principles spanning human rights,
labor, environment, and anti-corruption. This development culminated in the 2011
endorsement of the UN Guiding Principles on Business and Human Rights (UNGPs),
which articulated the Protect, Respect, and Remedy framework and formally established
human rights due diligence expectations [127]. The UNGPs served as the foundational
framework for this field, specifically calling upon governments to implement them
through National Action Plans (NAPs). The objective of these NAPs is to establish
reliable frameworks for businesses that encourage active contributions to improving
human rights conditions and institutionalize due diligence processes to prevent
or mitigate adverse impacts on human rights [243, 244]. By 2025, 35 countries had
adopted an NAP, including not only industrialized economies such as the USA (2016),
Japan (2020), and Denmark (2014), but also developing and emerging economies such
as Ghana (2025), Vietnam (2023), and Kenya (2019) [245]. Germany’s NAP (2016), for
instance, set a target for at least 50% of German-based companies with more than 500
employees to integrate the required due diligence processes into their operations by
2020, warning that failure would trigger legislative intervention [244].
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2.9.3 Disclosure-Based Approaches

During the decade following 2010, governments began moving beyond voluntary
commitments toward early disclosure-based regulations. These laws assumed that
transparency would mobilize consumer pressure and thereby drive improvements in
corporate behavior [246]. The California Transparency in Supply Chains Act in 2010 was
one of the first legislative initiatives to require large retailers and manufacturers to
report their actions to combat slavery and human trafficking [246]. It was followed by
the UK Modern Slavery Act (2015) and the Australian Modern Slavery Act (2018), which
similarly mandate annual public statements disclosing their anti-slavery measures
and supply chain risks [247, 248]. Sector-specific regulations also emerged, notably the
USA Dodd-Frank Act (2010), which requires disclosure of conflict minerals (tantalum,
tungsten, and gold) use under Section 1502 [249]. Despite increasing awareness, these
early regulations were widely criticized for motivating tick-box compliance and failing
to deliver substantive improvements on the ground [250–252].

2.9.4 Mandatory Due Diligence

A more transformative regulatory phase began in the late 2010s, when governments,
particularly within the EU, shifted from disclosure-based approaches toward manda-
tory due diligence obligations accompanied by penalties for non-compliance [9, 119,
128]. France pioneered this development with the Loi de Vigilance in 2017, which
introduced civil liability for failing to prevent human rights violations in supply
chains [177]. Germany followed with the LkSG in 2021, which came into force in
2023 [9]. Notably, Germany excluded civil liability after considerable political de-
bate [253], relying instead on sanctions and penalties [9]. Beyond due diligence
requirements, the USA adopted a more restrictive approach with the Uyghur Forced
Labor Prevention Act in 2022, prohibiting the importation of goods from Xinjiang
under a rebuttable presumption of forced labor [254].

2.9.5 The European Union as a Regulatory Driver

The EU has become an influential actor shaping both the current and future regulatory
environment. The Corporate Sustainability Reporting Directive (CSRD) mandates exten-
sive sustainability reporting, encompassing supply chain-related disclosures such
as Scope 3 emissions [255]. Following the EU’s Omnibus Package, which entered into
force in March 2026, its scope was significantly narrowed: only companies exceeding
1,000 employees and €450 million in annual net turnover (for non-EU companies,
€450 million generated within the EU) remain subject to reporting obligations from
2027 onward [242]. Complementing CSRD, the CSDDD harmonizes due diligence
obligations across the EU, requiring companies to conduct risk-based due diligence to
identify, prevent, mitigate, and remedy adverse human rights and environmental im-
pacts throughout their supply chains [128]. Following the Omnibus Package, however,
CSDDD’s scope was significantly curtailed: obligations now only apply to compa-
nies with more than 5,000 employees and €1.5 billion in net worldwide turnover
(for non-EU companies, €1.5 billion generated within the EU), with implementation
commencing in July 2029 [242, 256]. Crucially, unlike CSRD’s focus on reporting,
CSDDD mandates concrete action and establishes penalties for non-compliance.

Beyond corporate governance, the EU is also driving product- and commodity-
specific sustainability legislation. The EUDR, applicable from December 2026 after

18



2 Sustainable Supply Chains: Fundamentals, Enablers, and Drivers

multiple postponements, prohibits the import into the EU of commodities such
as cattle, cocoa, coffee, oil palm, rubber, soya, and wood unless they are proven
deforestation-free [119, 257]. The Ecodesign for Sustainable Products Regulation (ESPR),
in force since 2024, requires improved durability, reparability, recyclability, and the
introduction of a Digital Product Passport (DPP) providing transparency across
product lifecycles [178, 258]. The EU Forced Labour Regulation (EUFLR), entering
application in December 2027, bans products made with forced labor from the
EU market. Together, these measures signal a shift from voluntary corporate
responsibility toward legally enforceable sustainability standards embedded
throughout supply chains [259].

The regulatory landscape continues to evolve, as evidenced by the EU’s Omnibus
Package. Whether a Brussels Effect will materialize, whereby EU rules become de
facto global standards [260], remains contingent on how multinational companies
reconfigure their global operations. Taken together, the shift from voluntary initiatives
to mandatory due diligence, reporting obligations, and product-specific sustainability
requirements signals that regulation has emerged as a primary driver of sustainable
supply chain transformation.

2.10 Summary

Sustainability has evolved from a primarily environmental concern into a multifaceted
concept encompassing economic, environmental, and social dimensions [15, 21].
Supply chains constitute complex, multi-tier networks [77, 78] facing significant
environmental and social challenges [4, 6], most pronounced at the origin of supply
chains, particularly in high-risk contexts characterized by geographic-governance
risks and multi-tier opacity.

IT is widely recognized as an enabler of sustainable supply chains [214, 215]; how-
ever, practical implementation faces substantial challenges [13, 14]. Simultaneously,
the regulatory landscape has shifted decisively from voluntary approaches toward
mandatory due diligence and disclosure requirements [7, 8, 128, 257]. Moreover,
emerging regulations introduce new requirements that companies must integrate
into their processes [9], making appropriate supplier evaluation approaches essential
to achieve both regulatory compliance and enhanced sustainability performance.
Yet research on IT and mandatory due diligence centers on focal company perspec-
tives [187, 188, 261, 262], while the implications for vulnerable supply chain actors,
such as smallholder farmers, remain insufficiently understood. Similarly, the inte-
gration of regulatory requirements into supplier evaluation frameworks remains
an underexplored area [263].

Against this backdrop, this dissertation examines the intersection of IT and regu-
lation in advancing sustainable supply chains. Three articles address complementary
yet distinct themes of this challenge. Article 1 (see Chapter 3) and Article 2 (see
Chapter 4) focus on agricultural supply chains in developing countries, where sus-
tainability challenges and implementation barriers are most pronounced. Article 1
examines blockchain technology as a transparency mechanism in agricultural supply
chains, analyzing both its technological feasibility and its social implications for small-
holder producers. Article 2 analyzes LkSG from the perspective of cocoa smallholder
farmers in West Africa, addressing the critical question of whether mandatory regula-
tion drives genuine improvement for those at the origin of supply chains. Article 3
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(see Chapter 5), in turn, shifts the perspective toward focal companies, developing
a sustainability supplier evaluation framework that integrates academic literature,
expert perspectives, and LkSG requirements, addressing the operational challenge of
translating regulatory demands into effective supply chain governance.

2.11 Research Overview

This cumulative dissertation comprises three articles, each published as an indepen-
dent, peer-reviewed manuscript with open access in recognized journals. Each article
addresses distinct research question(s), contributing to a comprehensive understand-
ing of how IT and regulatory mechanisms can advance sustainability in supply chains.

Table 2.1 provides an overview of the three articles, including their titles, research
question(s), authors and contributions, publication dates, and current citation status
according to Google Scholar.

The following Chapters 3, 4, and 5 present each article in detail, organized chrono-
logically by publication date.
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CHAPTER 3

Can Blockchain be a Basis to Ensure Transparency
in an Agricultural Supply Chain?

Abstract
Many supply chains within developing countries lack transparency and are fraught
with fraud, corruption, and a substantial number of intermediaries. For several
decades, the cocoa sector has faced multiple social, economic, and environmental
challenges, some of which include the issue of child labor and very low incomes
for farmers, leading to poor living conditions. Blockchain technology has a high
potential to reduce — or completely eradicate — some of these hurdles. In this
article, we present a blockchain-based solution based on the open-source framework
Hyperledger Fabric for the cocoa supply chain to promote transparency and reduce
fraud. In doing so, we explicitly describe how farmers can be directly integrated into
the whole blockchain solution considering the limited infrastructure, knowledge, and
technologies available to them. Since about 70% of all cocoa worldwide is produced
in West Africa, this case study uses the cocoa sector in Ghana as an example.

3.1 Introduction

Chocolate, which derives its flavor from cocoa beans, is a popular luxury food
worldwide and enjoyed in different varieties. Cocoa beans are among the ten most-
exported commodities in the world and are imported by industrialized nations.
The Netherlands is in the first place on the list of the largest importers, followed
by Germany and the USA [264, 265]. In turn, Germany exports the most finished
chocolate products. To meet these production needs, Germany imports 90% of its
cocoa from West Africa, where over 70% of the world’s cocoa beans are grown and
harvested by Côte d’Ivoire and Ghana [265, 266].

The poor living and working conditions of the cocoa farmers, who form the
basis of the cocoa supply chain, have been the focus of criticism in recent times [267,
268]. Voluntary international initiatives have emerged to bring an end to human
rights abuses in the supply chain networks, such as child labor or unfair wages.
These efforts include, for example, the Harkin–Engel Protocol, in which companies
promised to eliminate severe child labor by the year 2005, or the United Nations (UN)
Guiding Principles on Business and Human Rights published in 2011, as well as the
published Guiding Principles of the Organisation for Economic Cooperation and
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Development (OECD) [127, 269, 270]. Despite these and other voluntary actions, there
has been no significant improvement in the living and working conditions of cocoa
farmers and their families over the past 15 to 20 years [271].

The cocoa supply chain is complex with a lack of transparency. Thus, buying
companies rarely know the origin of the cocoa beans. For instance, it is usually
unknown whether the cocoa beans come from illegal plantations or whether children
were engaged in the harvesting process [272]. Apart from the poor living standards of
the cocoa farmers caused by low and volatile cocoa prices, the increasing demand for
cocoa from Western countries also leads to environmental issues such as deforestation
due to the urge to grow more cocoa [268, 272, 273].

The social and environmental impacts of the production process such as child
labor, corruption, safety, and the health conditions of cocoa farmers have become
increasingly important to consumers in recent years as they demand more insight into
the supply chain and related processes of products. Since the agri-food supply chain
is mainly burdened by intermediaries, it lacks transparency, leaving consumers with
little information about the food’s origin and the production process [268, 274–276].

Transparent supply chains that offer more information on the origin of products
allow companies to connect well with consumers, build trust, and have an improved
overview of each component of the supply chain. To achieve this, technologies need
to be developed and implemented to promote transparency [276, 277]. Transparency,
in this vein, means a level of common understanding and access to information
about the product, such as labor circumstances, transactions, production process,
or environmental impacts, which are requested from actors involved in an agri-
food supply chain. The information requested needs to be complete, accurate, and
without any distortion and irrelevant details. Hence, the prerequisite for a transparent
agri-food supply chain is to know what information actors need [131, 278].

Existing tracking technologies such as radio frequency identification (RFID) tags,
sensors, or barcodes that collect and store data along supply chains are limited,
for instance, by centralized data or non-immutable data/transactions, especially in
environments that are less trustworthy. A blockchain can provide a fully auditable
and valid ledger of transactions, and through its encryption and control mechanism,
transparency is safeguarded by storing information in such a way that it cannot be
altered without recording the changes [276, 277, 279].

Many of the current challenges in the agri-food supply chain that affect the farmers
could be tackled right from the origin. Nevertheless, none of the existing solutions
directly involve smallholder farmers during their design and implementation, for
instance, in West Africa, where almost all of the raw products are produced at a
small scale. This work is original in the sense that it offers a solution to the prevailing
challenges by which farmers are directly incorporated.

In this context, our paper aims to answer the following research question: Does
it make sense to implement blockchain technology to promote transparency in the
cocoa supply chain?

To address this question, (1) we investigated blockchain technology in agri-food
supply chains and present an exemplary case study from the Ghanaian cocoa sector.
Our results are based on expert interviews conducted with different Ghanaian actors
along the cocoa supply chain. (2) We developed a blockchain-based solution for the
cocoa supply chain based on the Hyperledger Fabric framework to promote the trans-
parency and immutability of transactions. The uniqueness of our approach is that it
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directly involves the cocoa farmers, considering their limited infrastructure, knowl-
edge, and technologies. Our research is to establish a basis to help fight corruption
and bring about fairness in the cocoa sector, especially in the country of origin.

Our paper is organized as follows: Section 3.2 presents the potential of blockchain
technology in supply chains and demonstrates the implementation of blockchain
applications in the agri-food sector. Section 3.3 introduces the cocoa supply chain and
the situation of the cocoa farmers in Ghana. Based on this, we show our blockchain-
based solution for the cocoa supply chain. In Section 3.4, we discuss the presented
solution. Section 3.5 contains concluding remarks.

3.2 Literature Review

3.2.1 About the Potential of Blockchain Technology in Supply Chains

In 2008, blockchain technology became known with the emergence of the cryptocur-
rency Bitcoin [280, 281]. Blockchain technology does not only have a high potential
in finance, but also a high ability to overcome challenges associated with supply
chains such as lack of trust, risk of fraud, and counterfeiting. Moreover, the lack
of transparency of all transactions across a supply chain and the authenticity of a
product can be curbed using blockchain technology [282, 283].

The three most significant characteristics of blockchain technology, especially
for supply chains, are immutability, decentralization, and audibility [284–286]. As
of today, it is technologically impossible to change or manipulate data stored in a
blockchain, such as executed transactions. If a transaction is subsequently changed,
the hash value of the block concerned would also change. To conceal the manipulation,
all subsequent blocks and their hash values would have to be adjusted, including the
copies at all nodes/participants, for which a cryptographic puzzle would have to be
solved. For this reason, the blockchain is tamper-proof or immutable. In this context,
tamper-proof means that once the data, for example, a transaction, are stored in the
blockchain, they cannot be deleted, altered, or falsified. This tamper-proofing of data
can improve transparency in supply chains by giving participants in the blockchain
network-controlled access to these data [285, 287, 288].

In a blockchain network, there is no need for a central authority to execute trans-
actions, as the nodes decide on the documentation of transactions inside the chain.
Processes can be automated using smart contracts in the blockchain network, as
smart contracts apply and execute business logic. Thus, it eliminates the need for
third parties, such as intermediaries, within a supply chain to execute transactions.
Decentralized data storage reduces the risk of failure, unlike centralized storage
with a single point of access [284, 285, 289, 290]. Each transaction in a blockchain
is characterized by a timestamp and other information, such as a key. This type of
record and visibility for all participants in the blockchain network allows for easy
audibility and traceability of transactions. This feature is particularly beneficial in
supply chains, allowing, for instance, the origin and the manufacturing process of
products or food to be traced in real-time [277, 284, 286, 291].

Because of the blockchain’s characteristics, it is very attractive to apply it in supply
chains to gather information about each product’s transaction and the different actors
in real-time through the entire value chain. Since every actor in a blockchain has
access to all the information stored in this network, transparency across the whole
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supply chain will be promoted. This leads to less fraud and corruption. Moreover, the
interaction among different actors within the supply chain can be improved [283, 292].

3.2.2 Blockchain Applications in Agri-food Supply Chains

Supply chains in the agri-food sector show high complexity as there is typically a great
number of stakeholders, which leads to difficulty in approving important data such
as the country of origin, safety, and quality issues across the whole supply chain [274,
293]. Transparency and trustworthiness in the supply chain of food products are
an important undertaking due to food safety and contamination risks (think of, for
example, the milk scandal in China in 2008 or the horse meat scandal in Europe in
2013) and rising environmental and social demands placed on palm oil and other
food products, for instance [294–297]. Blockchain technology has a proven track-
record to ensure the transparency, traceability, and immutability of transactions for
agri-food supply chains to promote food safety or provide (transparent) information,
for example, about the product’s origin across the whole supply chain [275, 293].

In 2018, Walmart and Carrefour started their pilot projects to use blockchain
technology to trace and track agricultural products such as mango and pork from
China [298, 299]. Since 2019, Walmart has succeeded in using blockchain technology
for over 25 food products, whereby all suppliers of leafy greens are obliged to use
blockchain technology for tracing. Based on the blockchain, Walmart has benefited
from having to trace its food and provide a transparent process all along the supply
chain of its food products, making it possible to detect, for instance, the origin of a
food-borne disease faster should there be an outbreak. Moreover, Walmart promotes
food safety through a higher transparency process, making the food certificates more
trustworthy [298, 300]. Till today, Carrefour uses blockchain technology for over seven
food products and is planning to extend it to cover all food products coming from
the label Auvergene Filière Qualitè Carrefour by 2022. Carrefour’s interest in using
the blockchain is to assure their customers about the safety of their food as achieved
via traceability and transparency. In doing so, it can fully inform its customers about
the product’s journey, starting with the food’s origin [301]. Both cases show that
blockchain technology can be beneficial in agri-food supply chains. Besides Walmart
and Carrefour, there are many other use cases of blockchain in agri-foods, such as
tuna from New Zealand or wheat from China (cf. Table 3.1).

Furthermore, the study of Bux et al. [302] investigated the opportunities and
limitations of blockchain technology in the supply chain of halal food. To improve the
safety and security of halal food, the authors discussed constraints like standards and
opportunities such as improving trust and traceability, as well as creating standard
procedures and secure hygiene. Besides this, Bux et al. [302] demonstrated how
blockchain technology can also contribute to social and environmental sustainability,
for example, by reducing chemical product usage in agriculture and manufacturing
or increasing the level of customer trust [302].
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Table 3.1: Examples of blockchain use cases in agri-food supply chains.

Agri-Food Country of Origin References

Coffee Colombia, Ethiopia,
Honduras

303–305

Egg USA 306
Soybean USA 293, 307

Tuna New Zealand 308
Turkey USA 309
Wheat China 310

Blockchain technology can be implemented based on open-source frameworks
such as Ethereum or Hyperledger Fabric or using dedicated software solutions such
as IBM Food Trust, farmer connect, Agriledger, or Grain Chain, which are particularly
designed for agri-food supply chains [304, 311–315]. Nevertheless, an outstanding
barrier to applying blockchain technology to real-life solutions is the implementation
in supply chain networks with low technological infrastructure [316].

Consequently, one drawback of most software solutions is that they are either
designed for or used in developed countries, even though the raw materials are
mostly found in developing countries. This means that most software solutions
are trenched by their inability to function in developing countries because of the
unavailability of devices or infrastructures (such as internet connections that barely
exist or are very slow due to poorly developed telecommunication networks) to
effectively function. Another fact is that peasant farmers who directly produce the
raw materials are left out or are poorly integrated because of several factors such
as low education and inaccessibility. Furthermore, most software solutions are too
complex and expensive for (smallholder) farmers [276, 317, 318].

3.2.3 Blockchain Applications in the Cocoa Supply Chain

Arsyad et al. [319, 320] and Chong et al. [321] showed how blockchain technology can
be implemented in the cocoa supply chain. Arsyad et al. [319] suggested applying
a two-factor blockchain based on digital watermarking techniques to record and
validate the data of cocoa production using images. The authors showed a simulation
scenario with no practical data inputs from cocoa production [319]. Chong et al. [321]
developed a blockchain-based solution for cocoa export supply chains in Peru with
the purpose of reducing the hurdle of obtaining real-time information from the in-
ternational markets for Peruvian farmers. The authors used Hyperledger Composer,
which has been outdated since 2019 [322]. Arsyad et al. [320] proposed via a farm
simulation an Encapsulating Block Mesh based on blockchain technology and the bucket
principle implemented by a Modular Block Chain sensing instrument to ensure trans-
parent data documentation in the cocoa supply chain, especially for farm activities.
Their suggestion was based on an abstract open simulator game, without inputs and
consideration of the real cocoa production and its environment or supply chain [320].

In addition, neither Arsyad et al. [319, 320] nor Chong et al. [321] described how
exactly the farmers can be integrated into the blockchain, even though the farmers
are the basis of the whole supply chain. Moreover, the prior research projects did
not point out possible challenges and recommendations for implementation. Lastly,
even though the prior solutions were suggested for cocoa supply chains, they cannot
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be implemented everywhere and, for example, in West Africa, where over 70% of
the world’s cocoa is produced, since the environmental and political situations are
different [266, 319, 321].

The integration of the cocoa farmer into blockchain technology is very important
because, without this, complete transparency in the supply chain cannot be achieved.
Further, fraud and corruption by middlemen cannot be reduced and fair payments
for the farmers cannot be guaranteed.

3.3 Blockchain-Enabled Traceability in the Cocoa Supply
Chain: A Case Study of Cocoa Farmers in Ghana

In 2020, more than three million tons of cocoa beans were exported worldwide, out of
which 90% originated from approximately six million small-scale farms. Farmers from
two West African countries, Côte d’Ivoire and Ghana, produce over 70% of the world’s
cocoa beans [323]. Nevertheless, Africa consumes the least cocoa, accounting for about
4% of the global cocoa consumption. The largest consumers include Germany (45%)
and the USA (27.5%) [266].

Several approaches to the application of blockchain technology to enhance trans-
parency through data validation or access to real-time information in the cocoa sector
have been reported in the literature (see Section 3.2.3) [319–321]. Nonetheless, existing
approaches are not applicable to the world’s largest cocoa-producing nations due
to the limited infrastructure and low level of education of small-scale cocoa farmers.
Moreover, the approaches pay little attention to the looming corruption and social
issues that exist along the cocoa supply chain. Furthermore, the cocoa farmers, being
the backbone of this sector, are mostly left out or poorly recognized in designing
any solution to the issues facing the sector. This case study, however, takes into con-
sideration all the above-mentioned issues by especially focusing on how to directly
involve the farmers in any proposed solution.

3.3.1 Overview of the Cocoa Supply Chain

The cocoa supply chain is long and complex and involves different actors worldwide,
such as cocoa farmers in Ghana and chocolate manufactures in Germany. Figure 3.1
gives an overview of the cocoa supply chain with its main actors, without considering
certification programs such as UTZ or Fairtrade.

At the beginning of the cocoa supply chain, the farmer harvests the ripe cocoa pods
and packs the cocoa beans into sacks, which are then bought by the Licensed Buying
Companies (LBCs). At the LBC depot, the cocoa sacks are inspected and classified
by the Quality Control Company (QCC). Subsequently, the LBC transports the sacks
by truck to the Take-Over Center (TOC) of the Cocoa Marketing Company (CMC).
Upon arrival at the TOC, another quality inspection takes place by the QCC, before
the CMC temporarily stores the cocoa sacks at the TOC for shipment, during which
period, the QCC performs a final quality check before the shipment is finally carried
out. Subsequently, the cocoa sacks are exported by cargo ship (A) or transported
within Ghana to processing companies (B).

In the case of option (A), the cocoa beans are exported to processing companies
such as Barry Callebaut (Zurich, Switzerland) or Cargill (Wayzata, MN, USA). Major
export countries are the Netherlands, Germany, and the USA, where the companies
process the cocoa beans into semi-finished products such as cocoa liqueur, cocoa
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Figure 3.1: Cocoa supply chain.

butter, or cocoa powder. Afterwards, the semi-finished products are transported to
chocolate manufacturers such as Mondelēz (Chicago, IL, USA), Mars (McLean, VA,
USA), or Nestlé (Vevey, Switzerland), who process the semi-finished cocoa products
into finished chocolate products. Then, the chocolate products are transported to retail
stores worldwide, such as Aldi, Tesco, or Carrefour. After all this, the end consumer
buys the finished product in a retail store [273, 324, 325].

In the case of option (B), the cocoa beans are processed into semi-finished products
and partially into finished products in Ghana. After that, the semi-finished products
are exported to chocolate manufacturers (like in (A)) or sold in local stores to the
end consumers in Ghana.

3.3.2 The Cocoa Supply Chain Process in Ghana: from Beans to Export

The cocoa process from beans to export within Ghana involves three actors: the
cocoa farmers, the LBCs, and the Ghana Cocoa Board (COCOBOD), including its
subsidiaries. The COCOBOD is a government institution that regulates and controls
the cocoa sector in Ghana. Beyond that, the COCOBOD grants licenses to private
companies to purchase beans from individual farmers. These companies are called
LBCs. However, only the subsidiary CMC of the COCOBOD is authorized to sell
cocoa beans internationally [326, 327].

The process from cocoa bean to export, which we describe in the following,
was reconstructed from interviews conducted with a cocoa farmer, an officer of the
COCOBOD, a district manager, and a research assistant working at an LBC. Based
on these interviews, we analyzed the overall process (process flow, requirements,
etc.) and built the proposed blockchain-based application.

The cocoa harvest season is from October to March (main season) and from May
to August (mid-season). During the harvest season, cocoa farmers harvest the ripe
pods every three to four weeks [328]. The cocoa process begins at the plantation
with the ripe cocoa pods cut off, collected, and carried by foot to the pod-breaking
point. After every single pod is broken and the good cocoa beans are selected, the
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farmer transports them to the fermentation area and, after the fermentation process, to
her/his home. There, the cocoa beans will be dried on thinly stretched mats. Once the
cocoa beans are dry, the farmer fills them into cocoa sacks and sells the full sacks to the
LBC. Depending on whether the farmer lives in a rural or urban area, the responsible
LBC employee (within an LBC, there are different positions, for which we did not
differentiate due this being complicated) is called to pick up the cocoa sacks from
the farmer or the farmer transports the sacks to the LBC depot by herself/himself,
usually by taxi. The LBC employee weighs the sacks with her/his scale on-site to
check the weight of each sack and to adjust it if necessary. Each sack must contain
64 kg of cocoa beans. Then, the farmer receives a payment in cash or by mobile money
and the LBC employee records the date, the number of sacks, and the amount paid
to the farmer in both the farmers’ cocoa passbook and in her/his own internal book.
Afterwards, the LBC employee transports the cocoa sacks to the next LBC depot. The
further process after the arrival at the LBC depot is described in Subsection 3.3.1.

3.3.3 Difficulties faced by the Cocoa Farmers

Cocoa farming in Ghana is characterized by many modest farmers with small plan-
tations. The COCOBOD estimates that about 800,000 families are involved in cocoa
farming [329]. Farmers mostly live in villages and have their farms in the nearby areas.
The average harvest of one farmer is between four and six sacks of cocoa per season.

Currently, there is no standardized system used by the COCOBOD or the LBCs
for all cocoa farmers, with which the traceability of the cocoa sacks up to the farmer
can be guaranteed. Therefore, it sometimes happens that the LBC buys cocoa beans
from Côte d’Ivoire, which are of poorer quality and cheaper, and mixes them with
the Ghanaian premium cocoa beans. The customer (located, for example, in Germany
or Japan) typically notices this quality defect.

Based on the expert interviews conducted, it was determined that there is a high
level of fraud when the cocoa sacks are sold to the LBC by the respective farmers.
This includes the manipulation of the scales with which the LBC weighs the sacks or
the declaration of the wrong number of cocoa sacks. Consequently, the farmer does
not receive the cocoa price per sack to which she/he is entitled [268, 330]. This is
compounded by low and fluctuating cocoa prices [272]. The average annual income
of cocoa farmers is between € 560 and € 800, depending on the size of the plantation
or the number of cocoa sacks delivered [331].

Beyond that, the data, such as the number of cocoa sacks and their weight or
the amount paid out, are entered only in handwriting in the respective notebooks
and are not issued as a supplementary digital certificate. Furthermore, the QCC
issues the certificates of the three quality inspections on paper and not digitally. This
can not only lead to incorrect data or data shrinkage but can also be disadvanta-
geous during evaluations.

Cocoa farmers in Ghana are generally males, over 50 years old, and have barely
attended school. They live mainly in rural areas, which are characterized by poverty
and poor infrastructure. This also affects their low acceptance of technical develop-
ments. There are hardly any farmers with internet-powered smart phones. Farmers
typically have simple cell phones to make phone calls and send SMSs. The network
coverage in the cocoa-growing areas is mainly provided by the two largest mobile
phone providers, MTN and Vodafone. Nevertheless, there are places, especially in
the rainforests and rural areas, where there is no stable network. A stable internet
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connection exists predominantly in the cities, whereas in rural areas, if at all, a weak
internet connection is available [332].

3.3.4 A Blockchain-Based Solution for the Cocoa Supply Chain in Ghana

The characteristics of blockchain technology, especially the immutability of data and
the already successful implementation in other agri-food supply chains, make this
technology a good solution to promote sustainable transparency along the cocoa
supply chain. The beginning of the cocoa supply chain is the most challenging, packed
with issues, such as illegal cocoa plantations, human rights abuses (child labor, poor
living and working conditions of farmers), as well as corruption and mistrust [271,
273]. As mentioned above, the most pertinent issue is the situation where the farmers
are cheated on by the LBCs in ways such as incorrect weights of cocoa sacks, leading
to reduced payments made for their cocoa beans.

This paper presents a blockchain-based solution to make transactions between
the cocoa farmers and the LBC more transparent and non-editable. In this context,
transaction means the handover of the cocoa sacks from the farmer to the LBC, in
return for payment. It is important that the cocoa farmers are integrated into the
digital process using their own devices to avoid fraud. Therefore, their technical
prerequisites need to be considered (no technical devices, poor internet access, etc.),
as well as the complexity of handling. Since cocoa farmers rarely use any technical
devices with internet access, we developed an alternative way to document the
transaction via SMS into a permissioned blockchain network, through which the
data are saved immutably.

In the following, we describe the implementation of our blockchain-based so-
lution for the cocoa supply chain. Overall, we made extensive use of open-source
frameworks, where everyone has free access to the program code and which can be
developed further or modified individually without any financial requirements.

Among the recognized open-source blockchain platforms, especially in the areas
of supply chain and logistics, are Ethereum and Hyperledger Fabric [289, 333]. For our
application, we opted for Hyperledger Fabric (version 2.0) because this has unique
characteristics, especially the permissioned blockchain within its private network.
Thus, only authorized persons with the corresponding role profiles can access the
blockchain network for the cocoa supply chain. In addition, Hyperledger Fabric is in
use in the agri-food supply chains of, for example, Walmart, where it is used to map
the supply chains of mangoes from the USA or pork from China [298, 333]. A further
reason is the modular infrastructure of Hyperledger Fabric, which is easy to expand
and modify. The implementation was performed on Ubuntu 20.04.2.0 LTS, since this
is open-source and it is easier to develop Hyperledger Fabric on it than, for instance,
on the Windows operating system. Sending and receiving SMSs should be free for
the farmers due to their poor living conditions. For this reason, an SMS-REST-API
provider who offers two-way SMS with a Ghanaian mobile phone number would be
advantageous. Currently, there are only three providers who can offer this service.
Regarding long configuration times and high fixed and variable costs, we chose
Twilio as the preferred provider. Twilio offers for the two-way SMS an international
mobile phone number, which also works in Ghana. Besides Twilio’s free test version,
detailed documentation for different programming languages is available [334].

Before the farmers and LBCs can operate with the blockchain-based solution, they
need to be registered in a database with information such as name, phone number,
region, and role. After they have been registered, they are assigned automatically to
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an ID. Concerning the LBC employee, she/he additionally needs to create a password.
In this case study, blockchain technology comes to its deployment when the cocoa
farmer has cocoa sacks ready to sell it to the LBC. After the farmer has informed
the LBC, an employee from the LBC comes to her/his home to pick up the cocoa
sack. Now, the new process with the blockchain-based solution starts, as shown in
Figure 3.2. First, the LBC employee has to login into the web app on her/his phone
by entering her/his ID and individual password. Therefore, it is assumed that every
LBC employee has a private phone, or a phone provided by her/his employer.

After logging in, the user will be directed to the main menu of the web app.
From there, she/he can either create new transactions or inspect her/his previous
transactions with a timestamp and statuses (pending, done, canceled, expired) in
real-time. For generating a transaction, the LBC employee needs to enter the farmer’s
ID and select the correct number of cocoa sacks. When the LBC employee has filled
in these two data, she/he can generate the transaction by pressing the create button.
At the same time, the cocoa farmer receives an SMS with the transaction details,
including the number of cocoa sacks (see Appendix A, p. xi). If the transaction
details are correct, the user needs to confirm the transaction by replying to the SMS
with “y”. Once a transaction between the LBC employee and the cocoa farmer has
been successfully confirmed, the transaction data (names of LBC employee and
farmer, number of cocoa sacks, payment, timestamp) are recorded in the blockchain.
Simultaneously, the transaction is visible to all authorized actors that are part of the
blockchain network. In case the LBC employee entered the wrong data, the farmer
has the chance to cancel the transaction by sending an SMS with the content “n”.
Then, the transaction will not be saved in the blockchain to eliminate storage space.
Consequently, the LBC can correct her/his input and create a new transaction. In
case the farmer does not reply to the received SMS about a transaction within 15
minutes of receiving, the transaction expires and will not be saved in the blockchain.
If a transaction has the status “done”, “canceled”, or “expired”, both the farmer and
the LBC employee receive an SMS about the status.

Figure 3.3 gives an overview of the blockchain-based solution’s IT infrastructure.
The blockchain-based solution was developed with open-source frameworks, except
for a free test version of Twilio, as no budget was available for this case study. The LBC
employee uses the frontend, i.e., the user interface of the web app, by logging in to
access the homepage so that she/he can execute transactions or view her/his history
there. The frontend is written in the HTML and Bootstrap languages with the use of
Pug. The cocoa farmer uses her/his own cell phone, with which she/he sends an SMS.
This SMS is routed to the backend server via a configured webhook from Twilio. For
the backend server, Node.js was used, which interacts with the frontend, the SQLite3
database, and the SMS rest API/webhook of Twilio, but also with the blockchain
network through an interface by its software development kit (SDK). The blockchain
network stores confirmed transactions in addition to the blockchain in the CouchDB
database. Successfully executed transactions can be accessed directly in the blockchain
or via its world state, the CouchDB database. The blockchain-based solution runs on
a local server and not on a web server yet, as this was sufficient for the case study.
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Figure 3.2: New process with the blockchain-based solution. 33
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Figure 3.3: Infrastructure of the blockchain-based solution.

3.4 Discussion

In this paper, we demonstrate how blockchain technology can be used to support
one step along the complex and long cocoa supply chain to establish a means by
which fraud and corruption perpetrated against cocoa farmers can be tackled while
promoting transparency. In addition, this paper demonstrates how high-end tech-
nologies, such as blockchain, can be implemented based on open-source frameworks
without the need for significant financial investments.

Compared to the approaches in the literature, Arsyad et al. [319] used a two-
factor blockchain that links legal documentation and blockchain technology within a
traceability system via digital watermarking of the documentation media [319]. The
downside of their approach, however, is that it relies on textual and media-based
documentation (photos, videos), which are rarely available or difficult to acquire
due to the expensive and limited technologies in the developing world. Arsyad et
al. [320] again proposed a farm transaction simulation implemented by a Modular
Block Chain sensing instrument, which is coupled with equipment such as sensors
and controllers [320]. This approach, though promising, would do little in fighting
corrupt practices perpetuated against farmers in Ghana, Côte d’Ivoire, and other
developing cocoa-producing nations. In addition, the proposed solution would be
very cost-intensive considering the fact that the cocoa farmers in the focus country are
small-scale farmers and the use of the technology devices mentioned above would
be a financial burden to them. This solution can be applied in developed countries
such as Japan but is less likely to be adapted in under-developed nations. Both
approaches aim to attain transparency in the cocoa supply chain even though the
solution proposed in this paper tackles corruption right from the endpoint of the
farmers, taking into consideration the limited education and technologies available
to the small-scale farmers in the focus region. Again, the approaches of Arsyad et
al. [319, 320] cover all aspects of cocoa farm management, whereas the case study
in this paper focuses mostly on the farmer–LBC transaction after cocoa beans are
harvested and bagged for sale.

Chong et al. [321] developed a blockchain system using a similar framework such
as Hyperledger Fabric and programming languages such as Go and JavaScript, as
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used in this case study. The authors focused on the complete traceability of the prod-
ucts from the farmers until the product arrives in the warehouse of the importers [321].
Moreover, their solution also requires complex and expensive infrastructure that is
not available to the farmers in the focus nations.

The main purpose of the case study in this paper was to develop a blockchain-
based solution that makes use of cheap and readily available devices to fight cor-
ruption in the cocoa supply chain. Information about the origin of the farmer, cocoa
sacks, weight, date and time can be safely stored in the blockchain and accessed by
all players along the supply chain in real-time, similar to the approach by Chong
et al. [321]. The model advocated in this paper can be extended to cover all aspects
of the supply chain of cocoa beans from the LBC to the warehouse of the chocolate
manufactures, like that suggested in the work of Chong et al. [321].

The presented application starts directly at the beginning of the cocoa supply
chain considering the technical and logistical constraints of the cocoa farmers. At the
same time, the beginning of the cocoa supply chain represents a critical point, which
is characterized by gross corruption and fraud. The farmers generally own and use
simple mobile phones, which mainly support phone calls and SMS only. Furthermore,
cocoa farmers do not have access to the internet, which poses a challenge when using
technologies such as blockchain, often in conjunction with the Internet of Things (IoT)
or even simple mobile applications. In this respect, the intention was to develop the
application in such a way that it can be operated by farmers without prior knowledge,
experience, or internet connection. This is important to ensure that the data of the
transactions are stored correctly in the blockchain, as both the LBC employee and the
cocoa farmer must come to an agreement before a transaction is executed. The whole
blockchain-based application was tested with a cocoa farmer in one of Ghana’s main
cocoa regions, Suhum in the Eastern Region. The case study showed that blockchain
technology can be applied to the cocoa supply chain and that it is possible to use it
with a simple cell phone to include the cocoa farmer in the blockchain process.

We assumed that each cocoa farmer can send an SMS with her/his mobile phone.
Accordingly, we chose SMS as a means to send and receive data from and to any
simple mobile device, which can be stored into the blockchain to foster easy prac-
ticability and adaptation and to include as many farmers as possible. The usability
of new IT systems is one of the main impacts that leverages the user’s intention
and usage [335]. The farmers use their phones mainly for phone calls, but not to
send an SMS. Therefore, they are most familiar with making phone calls and less
with sending an SMS. For this reason, an alternative to reply by SMS would be to
communicate by voice call. This means that the farmer receives a phone call instead
of an SMS, in which she/he is informed about the number of cocoa sacks. She/he
could then confirm or cancel this verbally. However, it should be noted that due
to the lack of school education, most cocoa farmers have little English knowledge.
Therefore, this paper suggests investigating whether the existing English knowledge
of cocoa farmers is enough to operate the application in a target-oriented manner,
regardless of whether the communication takes place via SMS or voice call. It may
also be possible to consider the adaptation of local Ghanaian languages both for voice
and SMS responses instead of the English language.

Regarding fraud committed against farmers, the web app documents the number
of cocoa sacks in the blockchain but does not consider the weight of the sacks. Since
the weight of the sacks can be falsified by manipulated scales, it is recommended to
develop a solution for this problem as well using the blockchain-based application
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to eliminate the risk of fraud. It is also important to mention that the blockchain-
based application only shows how the number of cocoa sacks can be stored in the
blockchain, but not how the cocoa sacks can be uniquely identified afterwards. One
possibility would be to give the sacks a unique identification number, for instance
as a QR code sewn onto the individual sack, which would also be documented
during the transaction.

As a next step, besides the number of cocoa sacks, the money transferred between
the LBC and the cocoa farmer could also be digitally mapped in the blockchain
network. This can transparently ensure that the cocoa farmer receives a fair price for
her/his cocoa beans. In Ghana, mobile money is a widely used means of payment.
Therefore, there is a good opportunity to integrate this into the process so that, for
instance, the transaction confirmation of the farmer can trigger the payment auto-
matically. In this respect, it would be clear in the blockchain how much Ghanaian
cedi (local currency) the cocoa farmer has received. Likewise, this can ensure that
no fraud takes place during payment. Especially with regard to premium payments
from certification programs such as Fairtrade or UTZ, this step could be very benefi-
cial. Nevertheless, this requires an investigation into whether mobile money is also
widespread among cocoa farmers. The status quo is that it is uncertain how willing
the cocoa farmers and LBCs are to voluntarily use the blockchain-based application.
Therefore, it is recommended to conduct extensive surveys with farmers and LBC
employees to ascertain their readiness. Ultimately, it is essential for the cocoa farmer
to receive fair payment for her/his sacks of cocoa. What happens later to her/his
cocoa beans is of less interest to her/him. At this point, it is recommended to involve
the COCOBOD and gain its acceptance to implement the blockchain-based applica-
tion among farmers and LBCs and decide accordingly whether its use is voluntary or
mandatory. This is also an opportunity for the COCOBOD to gain a better overview
of the cocoa process within Ghana.

The COCOBOD, being a state-owned organization, currently regulates the pro-
duction and sale of raw cocoa beans in Ghana. In addition to setting the selling price
of cocoa each year, the COCOBOD is also responsible for developing programs that
ensure the sustainability of the environment [326, 327]. A widespread adaptation of
the blockchain-based solution proposed in this work can only be possible through the
acceptance and promotion by the COCOBOD. Nevertheless, its involvement could
come with consequences, such as higher power in controlling and monopolizing
the selling prices of cocoa beans, since it has already the export monopoly role with
its huge political power [268].

It would also be advantageous for the COCOBOD to document quality inspections
by its subsidiary QCC on the blockchain and to transfer the certificates digitally within
the blockchain network. Anyway, for a large deployment of the blockchain-based
solution in the cocoa sector in Ghana, it must be examined whether the open-source
frameworks utilized in the case study can be implemented at a low cost on a large
scale. As the complexity of the blockchain-based solution increases, due to the number
of participants, more functions, as well as the development and improvement of the
blockchain-based solution may increase the costs, for example, through training,
further development, and maintenance [316].

Blockchain technology for the cocoa supply chain has a great potential to add
further functions, which were explained in the previous sections. In addition, there
is a chance that the introduction of 5G networks by Vodafone and MTN in Ghana
in 2023 will boost the blockchain-based solution through the possibility of better
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internet coverage, specifically in rural areas where farmers live, and in addition, a
promise of unlimited and fast internet access and high data transfer speeds [336–339].

To tackle some of the challenges facing the cocoa sector, a blockchain-based
solution was developed in this work, which mainly focused on the development
of the process and technology for adaptability in the cocoa sector. Although a user
response survey would make plain the adaptability of this solution, it is out of scope
of this work and would be considered in the design of a further study.

In summary, the blockchain-based application enables the critical process steps
at the beginning of the cocoa supply chain, where there is much fraud against the
cocoa farmer, to be digitally documented and stored in a tamper-proof manner,
thereby promoting transparency. Despite the opportunities for improvement of the
blockchain-based application developed in this paper, it was shown that blockchain
technology can be suitably implemented to promote transparency in the cocoa supply
chain. This is because, during a transaction, relevant information, such as the number
of cocoa sacks or timestamps, is made accessible to all stakeholders along the supply
chain in real-time. The use of the blockchain-based application reduces fraud, as the
farmer can now confirm the transaction, for example, the number of cocoa sacks,
or cancel it in case of possible fraud before the payment is made. Furthermore,
the developed application limits the illegal import and sale of lower-quality cocoa
beans from neighboring regions, which are mixed with the farmer’s cocoa beans to
cover up the lack of quality. Since the blockchain-based application identifies each
transaction and, thus, also the quality defect, it is possible to introduce restrictions on
illegal imports and sales. Similarly, farmers working with certification programs, like
UTZ or Fairtrade, can use the blockchain to document their certified sacks of cocoa.
This information could also be made available to stakeholders such as chocolate
manufacturers, for example, Lindt or Mondelēz, in the blockchain network.

The constraint of the results from this case study is that it focused only on one
of the six cocoa regions in Ghana with a small number of farmers and LBCs, as
compared to the studies published by Chong et al. [321] and Arsyad et al. [319, 320],
which covered a larger geographical area. Nevertheless, this case study highlights the
possibility to implement blockchain technology in the entire cocoa supply chain of
Ghana, by leveraging on its uniqueness of integrating all cocoa farmer in the region
into the network while aiding the fight against corruption.

However, to gain transparency along the cocoa supply chain in the long run, it is
necessary for all actors in the cocoa supply chain to be fully involved, which takes
much time and cost to implement. For this reason, in the long term, the number
of intermediaries should be reduced. In summary, this provides an opportunity to
promote high transparency, minimize fraud, and subsequently, offer fair payments
to cocoa farmers. Further research will be needed if all actors in the cocoa supply
chain are willing to implement this solution.

3.5 Conclusion

Researchers have presented various approaches to make (agri-)food supply chains
more sustainable, for example, refs. [302, 321, 340]. Blockchain technology has already
been successfully implemented in other agriculture supply chains, such as coffee. This
paper shows how to implement it in the cocoa supply chain to ensure transparency.
We could integrate the farmers, who are otherwise neglected when it comes to
the supply chain of cocoa, even though the supply chain begins with them. Faced
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with limited technology and other resources, we showed that it is possible to use
simple SMSs coupled to the blockchain to promote transparency and cut down
corruption at the same time.

The blockchain-based application that we presented in this paper documents all
successfully executed transactions between the cocoa farmer and the LBCs, which are
validated, non-manipulated, and saved into the blockchain. Due to the decentralized
storage via the blockchain of transactions, as well as anti-counterfeiting, trust in
the data of actors along the cocoa supply chain is improved. Authorized actors can
also access the decentralized stored data in the blockchain at any time within the
private blockchain network. It should be noted that this work identified critical
issues relating to the blockchain-based application, for which recommendations for
action were provided.

This solution constitutes a good basis to help the fight against corruption and
bring about fairness in the cocoa sector. The presented solution for the farmers can
be generalized and implemented in any other agriculture supply chain since it does
not require internet connectivity or any extra skills from the farmers.

Finally, it should be mentioned that blockchain technology has great potential
since it can be used not only for showing the number of cocoa sacks, but also in other
process steps such as for money transfer or quality checks.

The unique methodology presented in this paper points out the need to pay
more attention in the future to available infrastructure when designing solutions
for specific geographical areas. Social issues can be better addressed by taking a
more critical look at conditions on the ground and finding ways and means to
develop an all-inclusive solution that integrates all actors along the supply chain
in a specific food sector. This was well captured in this case study by concentrating
on the incorporation of smallholder farmers into the supply chain of cocoa, without
turning a blind eye to their inadequate educational background and technological
infrastructure, to enhance transactional transparency between the farmers and the
LBCs. In addition to this, the presented real case study enhances the field and value
of blockchain technology for other agri-food industries, especially in developing
countries with small-scale farmers.

Most of the challenges in agri-food supply chains, such as corruption, low pay-
ment, or child labor, especially in West Africa, affect the farmers’ living and working
conditions. Nonetheless, existing solutions to enhance transparency by implementing
blockchain technology neither directly include smallholder farmers during their de-
velopment and implementation, nor consider their limited infrastructural resources
and knowledge [319–321]. Most of the raw products such as cashew or cocoa in West
Africa are produced on a small scale and left out in generalized software solutions.
The value of this work can be seen in its direct involvement of farmers and the
simple approach to the challenges.

In the future, blockchain technology can promote transparency along the entire
cocoa supply chain if all actors are included, even though it is challenging at the same
time. Beyond that, for stakeholders, especially chocolate manufacturers in Europe,
blockchain technology can be an interesting approach, especially considering the
planned supply chain law in Germany, as well as in the European Union.
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CHAPTER 4

Assessing the German Act on Corporate Due
Diligence Obligations in Supply Chains: A

Perspective from the Smallholder Cocoa Farmer

Abstract
This research examines the potential outputs, outcomes, and impacts of the German
Act on Corporate Due Diligence Obligations in Supply Chains (LkSG) on the smallholder
cocoa farmers in West Africa. The study primarily relies on a literature review and
an impact pathway to conduct a systematic analysis to identify the potential effects
of the LkSG on smallholder cocoa farmers. The findings indicate that some, but
not all of the risks addressed by the LkSG align with those faced by smallholder
cocoa farmers and their families. Additionally, the research also reveals weaknesses,
particularly in managing environmental risks, which the LkSG does not adequately
cover. Our findings show that in the short- and medium-term, the LkSG has no
potential effects on smallholder cocoa farmers. Furthermore, the potential positive
impacts of the law on smallholder cocoa farmers will take a long time to realize, as
the LkSG considers primarily tier-1 suppliers. Companies in Germany might reassess
their supply chains to strive for an LkSG-risk-free supply chain, which could in
the long term have sustained impacts on smallholder cocoa farmers. However, we
recommend a comprehensive risk analysis of the cocoa supply chain to enhance
the human rights of cocoa farmers.

4.1 Introduction

Many countries have enacted regulations regarding human rights due dili-
gence (HRDD) or are planning to introduce them [9, 177, 247, 341, 342]. The
regulations aim to improve the safeguarding of human rights and target employees
in companies with a primary focus on developing countries, where there is
inadequate protection and a prevalence of human rights and environmental risks and
violations [9, 127]. The question then arises as to what extent these HRDD regulations
impact developing countries. To answer this question, this paper aims to analyze the
newly enacted Lieferkettensorgfaltspflichtengesetz (LkSG), in English: Act on Corporate
Due Diligence Obligations in Supply Chains, for companies in Germany from the
perspective of smallholder cocoa farmers in West Africa and potential effects on them.
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Retailers and chocolate manufacturers in Germany are part of the global cocoa
supply chain, with smallholder cocoa farmers in West Africa, saving as key upstream
participants [343] by producing more than 65% of the world’s cocoa beans [344].
Therefore, as part of the global cocoa supply chain, smallholder cocoa farmers may
feel some spillover effects from the implementation of the LkSG. In addition, the
primary aim of the LkSG is to improve fundamental human rights and environmental
protection in global supply chains [345].

Therefore, the research question is:

What are the potential effects of the LkSG on smallholder cocoa farmers in West Africa?

To answer our research question, we used a methodology encompassing both
a literature review and a logic model. This approach facilitated a systematic and
in-depth analysis to identify the potential effects of the LkSG on smallholder cocoa
farmers. Due to the rather recent enactment of the LkSG in Germany in 2023, there is
a lack of available data and identifiable effects, particularly in developing countries.
Furthermore, since the affected chocolate manufacturers and retailers are required by
the LkSG to release their reports for 2023 by April 2024, these data are unavailable
for our study. For this reason, we conducted a critical examination of the legal text
of the LkSG in light of existing literature, emphasizing logical interdependencies. To
capture the perspective of smallholder cocoa farmers in Ghana and Côte d’Ivoire,
a comprehensive review of the cocoa supply chain with a focus on smallholder
cocoa farmers was carried out. This aimed to identify the circumstances surrounding
smallholder cocoa farmers and delve into their socio-cultural norms and values for
the analysis of the LkSG from their perspective. Our findings were then organized
through a logic model. The logic model has been proven to be an appropriate method
in various studies [346–351], especially for assessing different kinds of new programs
to identify potential effects [346, 347, 349, 351, 352]. Subsequently, we discussed the
potential outputs, outcomes, and impacts of the LkSG on smallholder cocoa farmers in
West Africa. To the best of our knowledge, this study represents the first examination
of the LkSG and its effects on smallholder cocoa farmers, providing valuable insights
into their perspective. Moreover, the study assesses the real-world implications of
the LkSG by determining whether it can effectively enhance due diligence practices
and promote supply chain sustainability in the global cocoa supply chain, with a
specific focus on its first link, the smallholder cocoa farmers.

The paper is structured as follows. Section 4.2 provides the fundamentals on
impact assessments and HRDD regulations as well as the current state of research
regarding the effects of the LkSG on developing countries. Section 4.3 outlines the
LkSG and provides an overview of insights and challenges within the cocoa supply
chain. Section 4.4 analyzes the LkSG from the perspective of the smallholder cocoa
farmers, examining the extent to which the LkSG addresses their identified risks.
Additionally, this section explores the scope and procedural implications of the
LkSG as well as the role of NGOs and the media. Furthermore, potential outputs,
outcomes, and impacts of the LkSG on smallholder cocoa farmers are discussed. The
final section 4.5 then outlines the research findings and points out limitations and
recommendations for further research.

Our study advances the scholarly discourse on supply chain legislation. The
theoretical contribution of this study lies in the extension of theoretical frameworks
for impact assessments, especially in the realm of supply chain legislation using the
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example of the LkSG. Our analysis of the LkSG within this theoretical context provides
a deeper understanding of its implications, particularly considering the perspective
of smallholder cocoa farmers in West Africa. Furthermore, the study yields practical
insights relevant to policymakers, chocolate manufacturers, and retailers affected by
the LkSG. Particularly, our analysis illuminates the risks pertinent to smallholder
cocoa farmers’ socio-cultural norms and values, and the potential effects of the LkSG
on their livelihoods.

4.2 Literature Review

This study adopts a literature review to assess existing knowledge on the subject. The
increased pace, fragmentation, and interdisciplinary knowledge in business research,
present challenges for staying current and comprehensively evaluating cutting-edge
research, underscoring the critical role of the literature review as a research method
in navigating this complex landscape. This emphasizes the importance of literature
review as a research method and its subsequent wide adoption for scientific inves-
tigations [353]. A literature review not only offers an overview of disparate and
interdisciplinary research areas but also serves as a crucial tool for synthesizing evi-
dence on a meta-level, revealing gaps that require further research—integral to the
development of theoretical frameworks and conceptual models [353–355].

In conducting our literature review for this academic paper, we systematically
employed keyword searches across electronic databases, notably Google Scholar, in
both German and English languages to identify pertinent materials aligned with our
research inquiry. In elucidating our analysis, particularly concerning the perspectives
of smallholder cocoa farmers, their risks, and the exploration of their cultural norms
and values, we confined our examination exclusively to scholarly literature from
reputable journals and reports to ensure academic integrity and credibility. While
our core analysis was firmly rooted in academic literature, we acknowledged the
necessity of incorporating industrial literature for specific information about retail-
ers or chocolate manufacturers. This included reports and official websites, which,
although not part of our central analysis, provided valuable insights into the cocoa in-
dustry. For the LkSG, our resources included the legal text and scientific articles from
recognized journals and publishers. Given the limited number of articles published
on LkSG, we found it beneficial to incorporate literature from both academic and
practical sources, thereby ensuring a comprehensive understanding of the subject
matter. This approach allowed us to enrich our analysis by leveraging insights from
diverse perspectives, enhancing our literature review’s robustness and depth.

4.2.1 Fundamentals on Impact Assessments

In literature, various types of impact assessment with distinct origins and applications
exist [356–360]. Impact assessment is defined as a process aimed at identify the
effects of policies, projects, or programs [356, 361, 362]. It can be applied to both
ex-post and ex-ante activities [356, 363]. Furthermore, some studies narrow down
this applied impact assessment to what is referred to as a human rights impact
assessment. However, within the literature, a uniform understanding of the definition
and implementation process is lacking [356, 364, 365]. Additionally, some studies [346–
351] employ a framework in the form of an impact pathway, also known as a logic
model, to systematically analyze the potential effects of new programs. Thereby, the
identified implications are distinguished within a temporal dimension [352, 366].
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However, the term impact assessment is often inconsistently defined and used for
various purposes [352, 360, 367, 368]. In this study, we distinguish between the three
key concepts: output, outcome, and impact, constituting the concept of the impact
pathway. Outputs in this vein mean immediate results, while outcomes are defined as
medium- and long-term results of activities. Impacts are characterized as long-term
effects, implying a sustained change. For instance, an output may be training farmers.
Outcomes, in turn, represent sustained changes such as enhanced farming practices
or increased income. Impacts, exemplified in the farmer training example, encompass
broader societal benefits, such as sustained reduction of poverty and improved social
well-being [352, 366, 369]. Nonetheless, outputs do not always lead to outcomes, and
outcomes do not automatically result in impact [352, 366].

4.2.2 Assessments of the LkSG on Developing Countries

The LkSG is a new and highly debated law in Germany, passed in July 2022, and
came into force on January 1, 2023 [9]. Few scientific publications have engaged with
the LkSG since it is relatively recent [261, 262, 370, 371]. However, publications have
steadily increased since the introduction of the LkSG.

The literature focuses primarily on discussing legal perspectives and examin-
ing the effects of the LkSG on companies in Germany rather than on developing
countries [261, 262, 372–374]. Few scientific studies mention the potential negative
implications of the LkSG on developing countries without a comprehensive assess-
ment [375, 376]. However, some studies align partly with our research question. For
example, the scientific study by Komba et al. [377] on the effects of the upcoming
European Corporate Sustainability Due Diligence Directive (CSDDD) on the garment
industry in Ethiopia and the coffee industry in Tanzania draw conclusions based on
their findings from their literature review. Besides their methodology, their findings
may be of limited relevance to this study, as they primarily suggest that companies
and smallholder farmers in Ethiopia and Tanzania adapt to the CSDDD to maintain
their appeal to European markets [377].

The study by Müller et al. [378] explores how public-private cooperation can
strengthen supply chain laws and increase sustainability in the case of the South
African mining sector. The authors did not especially analyze the effects of the LkSG
but comment in their report that the LkSG would have no implications on mines
in South Africa. Müller et al. [378] reason that there are no major German mining
companies on-site that could exert influence on the enforcement of the LkSG. They
suggest that Germany should advocate for a risk-based approach in the planned
CSDDD to minimize social and environmental risks. The authors argue that such an
approach would cause the private sectors to exceed the minimum legal standards
and effectively address the shortcomings of the LkSG [378]. The conclusion drawn
by Müller et al. [378] is in line with the main criticism of the LkSG, asserting that
companies in Germany subject to the LkSG should primarily focus on their direct
suppliers, rather than encompassing all suppliers along their supply chain including
developing countries [379, 380]. The study by Kolev and Neligan [375] primarily
focuses on the expected effects of the LkSG on affected companies in Germany.
However, the authors draw conclusions for developing countries based on their
survey results: Developing countries with poor governance must expect potential
employment losses and negative development effects in connection with foreign
investment [375]. Furthermore, risk profiles of every cocoa-producing country are
available based on a Western perspective, which is provided in the context of a
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guideline for cocoa-producing companies affected by the LkSG [381]. This is a starting
point for a critical analysis of the addressed risks in the LkSG from the smallholder
cocoa farmer’s perspective.

At present, there are only a few publications about the LkSG, that consider the
perspective of developing countries. In addition, broad assessments of the potential
effects of the LkSG in developing countries are lacking. Hence, our study differs
from the above literature by analyzing the newly implemented LkSG and its human
rights due diligence implications on smallholder cocoa farmers in West Africa. To
the best of our knowledge, this study represents the first comprehensive analysis
and discussion of the LkSG and its effects in developing countries with a special
focus on smallholder cocoa farmers.

4.3 Comprehending the LkSG and the Cocoa Supply Chain

This section provides an overview of the LkSG to enhance understanding its due
diligence framework. Furthermore, we demonstrate the cocoa supply chain while
exploring the issues smallholder cocoa farmers face in Ghana and Côte d’Ivoire to
seek deeper insights into their situation. This contextual information proves crucial
for our subsequent analysis of the LkSG in section 4.4. Figure 4.1 presents a flowchart
outlining our research methodology, improving clarity, and understanding of our
investigative process.

Figure 4.1: Overview of the research methodology.

4.3.1 German Act on Corporate Due Diligence Obligations in Supply
Chains (LkSG)

The LkSG was passed in July 2021 and became effective in January 2023. The law
applies to companies in Germany with more than 3,000 employees and, from 2024,
with more than 1,000 employees within Germany, wherein employees of affiliated
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companies in Germany shall also be considered and deployed employees. The LkSG
aims to prevent or minimize human and environmental-related risks or to end the
violation of human rights or environmental-related obligations. The appropriate
cause of action by companies depends on the nature and scope of their business
activities and their level of influence [9]. Furthermore, the LkSG primarily focuses
on the company’s own business unit and its direct (tier-1) suppliers; indirect (tier-
n) suppliers only need to be considered when substantial knowledge is available.
Substantial knowledge in the vein of the LkSG, means that a company has an actual
indication of a human rights or environmental-related violation within its supply
chain [9]. Furthermore, the actions taken by companies are also influenced by the
expected severity or probability of the violation. The LkSG imposes a duty to make
an effort but does not guarantee an obligation and does not entail civil liability in
case of violations [9]. This means that affected companies must not guarantee that
their supply chains are free of human rights and environmental-related risks. They
instead need to prove that they comply with the due diligence regarding the LkSG
within reason [9, 382].

In 2024, the LkSG is expected to apply directly to about 2,900 companies in
Germany [383]. Among the sweet industry companies in Germany, only 18 have over
500 employees [384]. Considering the employee threshold, only a few companies
in the chocolate sector might have to implement due diligence, according to LkSG.
However, even small and medium enterprises, falling below the employee threshold,
are indirectly impacted. Although they are not under the LkSG, they must comply
with certain due diligence requirements passed on by the companies concerned
with their suppliers [385].

4.3.2 The Cocoa Supply Chain in light of the LkSG

The cocoa supply chain starting in West Africa, particularly in Ghana and Côte
d’Ivoire, involves numerous actors and is lengthy and complex [386]. Moreover,
cocoa plays a crucial role in the region’s economy and is a significant source of
income for numerous smallholder families involved in cocoa farming [387, 388]. The
smallholder cocoa farmers in Ghana and Côte d’Ivoire, about 1,650,000 farmers and
families [389, 390] living at the subsistence level, struggle against economic, social,
and environmental issues [389, 391]. Such as low income, lack of access to electricity
and clean water, and inadequate road infrastructure [391].

Figure 4.2 represents the cocoa supply chain, starting with the smallholder cocoa
farmers based in a high-risk country in view of the LkSG. The scope of the LkSG varies
along the cocoa supply chain, determining which actors are responsible for enforcing
the LkSG. Based on the LkSG, the primary focus is on the affected companies’ own
business units and their tier-1 suppliers. While retailers and chocolate manufacturers
in Germany are directly affected by the law, the chocolate manufacturers can be
considered both as their own business unit and as tier-1 suppliers to the retailers.

Retailers like Aldi, EDEKA, or REWE, who are also obliged to apply the LkSG,
have their tier-1 suppliers (chocolate manufacturers) mainly in Europe. Looking at
chocolate manufacturers in Germany, such as Ferrero, Mars, or Alfred Ritter1, their
tier-1 suppliers for cocoa products are usually processing companies like Barry Calle-
baut, headquartered in Switzerland, or Cargill, headquartered in the USA, both of

1In terms of their employee numbers in Germany, Ferrero will be subject to the LkSG from 2023, and
Mars from 2024 [392, 393]. The number of employees within Germany at Alfred Ritter is unclear, as only
the worldwide number of employees is known [394].
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Figure 4.2: Generalized cocoa supply chain from the perspective of the LkSG.
(In)directly affected entities by the LkSG are displayed by square, while those unaf-
fected are displayed by square outlined with dashed lines.

which have sites in Germany (see Figure 4.2) [386, 395, 396]. Though 80% of the
world’s cocoa beans are produced in West Africa, only about one-third of them are
processed there [397–399]. This indicates that the tier-1 suppliers of chocolate manu-
facturers in Germany, mainly processing companies, are primarily located in low-risk
countries. The cocoa farmers and intermediaries operate in high-risk countries and
serve as tier-n suppliers to German retailers and chocolate manufacturers that are
consequently not affected by the LkSG (see Figure 4.2).

The governmental institutions, the Ghana Cocoa Board (COCOBOD) and the Con-
seil du Café-Cacao (CCC) in Côte d’Ivoire both regulate the cocoa market and prices
in their respective countries [388, 400]. The cocoa farmers in Ghana are not mandated
to sell their beans to any entity apart from the Licensed Buying Company (LBC) [400,
401], the cocoa farmers in Côte d’Ivoire can sell their beans directly to private buy-
ers (pisteurs), cooperatives, exporters, or processing companies [388]. Despite the
combined efforts by the Ivorian (CCC) and Ghanaian (COCOBOD) institutions to
introduce the Living Income Differential (LID) in 2019 to raise the global cocoa market
price [402], many smallholder cocoa farmers continue to receive low incomes [391,
403]. This is primarily due to the low farm gate prices for cocoa beans [391, 403].

4.4 Assessment of the LkSG from the Perspective of Small-
holder Cocoa Farmers

As described in Section 4.3.1, the LkSG aims to safeguard human rights and the
environment. Given that human rights abuses and environmental challenges tend
to be more prevalent in developing countries, as opposed to Europe or Germany, it
is important to analyze whether the LkSG has potentially positive implications for
developing countries. Hence, this section examines the LkSG from the standpoint of
smallholder cocoa farmers in West Africa, specifically in Ghana and Côte d’Ivoire.

4.4.1 Scope of the LkSG with regard to Smallholder Cocoa Farmers

The LkSG applies only to companies with at least 1,000 employees in Germany and
encompasses its business unit and tier-1 suppliers. It is important to note that the
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company’s business operations may include subsidiaries in Germany and abroad,
provided that the parent company exercises significant influence over them [9]. Thus,
affected processing companies and chocolate manufacturers based in Germany are
only obligated to consider due diligence within their business units and tier-1 suppli-
ers. As demonstrated in Figure 4.2, smallholder cocoa farmers are not tier-1 suppliers
of retailers or chocolate manufacturers in Germany, but rather tier-5 and tier-4 sup-
pliers. Consequently, the smallholder cocoa farmers are not directly captured in the
scope of the LkSG and must only be considered when the retailers or chocolate man-
ufacturers receive an actual indication of human rights or environmental violations
covered by the LkSG [9]. Such information may be received through the complaints
procedure the companies have to establish under the LkSG.

In contrast to the LkSG, the planned CSDDD encompasses the entire supply
chain. Consequently, smallholder cocoa farmers in Côte d’Ivoire and Ghana would
need to be considered, rather than in individual cases only, as currently practised
within the LkSG [9, 342]. Therefore, the LkSG might have a limited effect on small-
holder cocoa farmers. However, it is also possible that the procedural implications
resulting from the LkSG may already show initial improvements in the challenges
of smallholder cocoa farmers.

4.4.2 Relevant Risks for the Smallholder Cocoa Farmers addressed in
the LkSG

The LkSG addresses human rights risks and environmental-related risks, which are
further defined within the LkSG (§ 2 para. 2 and para. 3 LkSG). The subsequent section
aims to identify the relevant risks that the LkSG addresses concerning smallholder
cocoa farmers in West Africa and to evaluate whether these risks can mitigate the
challenges faced by these farmers and improve their well-being. According to § 2
para. 2 of the LkSG, 20 definitions are stated under human rights and environmental
risks [9]. Out of the 20 definitions, we identified 5 aspects that might be relevant
and partly challenging for smallholder cocoa farmers. The five relevant risks were
identified based on a review of the literature on human rights and environmental risks
associated with smallholder cocoa farmers in West Africa [381, 404–406]. Following
that, we compared these identified risks with those addressed in the LkSG. In the
following subsection, we point out and discuss these aspects.

4.4.2.1 Child Labor under 15 Years (§ 2 para. 2 no. 1 LkSG)

From the developed world’s perspective, the work activities of children under the age
of 15 violate human rights and are a relevant main risk for smallholder cocoa farmers
addressed in the LkSG. Even though the Ivorian and Ghanaian governments have
agreed to the Harkin and Engel protocol as well as to the Convention on Child Labor
by the International Labour Organization (ILO), we need to understand that the
concept and definition of child labor in these countries are seen as Western-centred
international standards [404, 407–410]. Therefore, it is important to consider the
Ghanaian and Ivorian socio-cultural norms and values, which are highly similar due
to their shared history. Their norms and values make it difficult to fully align with
international child rights standards [387, 404]. From the smallholder cocoa farmers’
perspective, involving their children in farm work is perceived as educational, not
child labor, and farming is valued more than formal education [404, 411]. This arises
from the belief that farming, unlike formal education, ensures a future for their
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children. The decision to involve children in farm work is based on capability, not age,
to provide practical skills and experiences. This process is viewed as socialization,
preparing children for independent adulthood and future family responsibility [404,
411, 412]. In line with socio-cultural norms, Ghanaian and Ivorian children bear
family responsibilities from birth, supporting their parents in farming to enhance
family income to meet essential needs, as hiring additional labor is often financially
unfeasible for smallholder cocoa farmers. Most Ghanaians and Ivorians view child
labor as culturally acceptable since it has been in practice for decades. They rather
see child labor and children’s rights as a foreign concept inconsistent with their social
norms and values [404, 407, 411, 412]. The study by Krauss [411] indicates that the
socio-cultural norms and values are sustained within farming communities and by
politicians, as shown by a statement made by a Ghanaian Minister of Education
during his research [411].

To summarize, child labor by smallholder cocoa farmers is perceived as a human
rights violation primarily by Western countries rather than by the smallholder cocoa
farmers themselves. For these farmers, their children working alongside them on the
farm is seen as a form of support and education, aligning with their socio-cultural
norms. However, both Ghanaian and Ivorian governments being signatories to the
ILO convention to reduce child labor, view the international standard as problem-
atic [413]. Despite, these agreements about 60% of all children in all agricultural
households are still involved in cocoa farming, posing a risk for smallholder cocoa
farmers [414, 415]. Smallholder cocoa farmers disagree with the Western-centered
concept of child labor and have no intention to alter their way of life and farming
practices, considering their socio-cultural norms and values. Nevertheless, given the
objectives and risks associated with the LkSG, it can be seen as cultural imperialism
as it interferes with the farmers’ way of life and their socio-cultural norms and values,
without asking them. The smallholder cocoa farmers are unwilling to accept this
Westernization in their socio-cultural norms and values.

4.4.2.2 Worst Form of Child Labor (§ 2 para. 2 no. 2 LkSG)

§ 2 para. 2 LkSG classifies the Worst Form of Child Labor (WFCL) risk into four
categories: Category (a) encompasses forced labor, (b) includes prostitution and
pornography, (c) covers illicit activities such as related to drugs, while category (d)
involves work that harms the health, safety, or morals of children. The first category
(a) and the last category (d) are particularly relevant risks for farmers, especially
for their children [9].

In a prominent case in 2005, six former child laborers filed individual lawsuits
against Nestlé and Cargill under the Alien Tort Claims Act, because they were enticed
from Mali and coerced to work on cocoa farms in Côte d’Ivoire under dire condi-
tions [416, 417]. Since that case, more than two decades have passed. However, there
are still instances of children being subjected to forced labor on cocoa farms, albeit
on a more localized and limited scale [406, 418]. According to the study conducted
by Buhr and Gordon [406], they estimated that the percentage of children in forced
labor in Ghana and Côte d’Ivoire is < 0.20%.

As described in Section 4.4.2.1, the socio-cultural norms and values are crucial.
Smallholder cocoa farmers prioritize their children’s well-being and future, with
no intention of causing harm to them [407, 419]. The study by Babo [407] indicates
parents’ awareness of farm activities posing risks to children, restricting their involve-
ment in hazardous tasks like using cutlasses until the parents consider that they can
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use them without hurting themselves. During this period, children observe and learn
from the elders on the cocoa farm [407].

According to the Ghanaian and Ivorian governments, hazardous work for children
under 18 is, e.g., spraying insecticides, breaking cocoa pods with a cutlass, or carrying
heavy loads [420, 421]. Furthermore, both governments have agreed to the Harkin-
Engel Protocol and the ILO Convention No. 182 to eliminate WFCL [408, 409, 413].
This indicates that the governments recognize WFCL in their countries and aim to
eliminate it [420, 421]. However, according to the study by Sadhu et al. [414], about
55% and 47% of children in agricultural households in Ghana and Côte d’Ivoire,
respectively, are affected by hazardous work on cocoa farms [414]. Despite parents’
awareness of hazardous child labor, many children are engaged in such activities,
making it a significant risk. The authors identified that injuries sustained by children
involved in hazardous work on cocoa farms in both countries primarily occur in
the form of wounds/cuts (35%) and skin scratches/itching (8%) [414]. Nonetheless,
there is a lack of research that quantifies the actual number of children sustaining
accidents or injuries due to hazardous labor.

Similar to Child Labor under 15 Years the LkSG acts as cultural imperialism by
seeking to impose the Western perspective on WFCL among smallholder cocoa farm-
ers. Except for the extreme case in Côte d’Ivoire, WFCL mainly involves hazardous
tasks performed by physically capable children under parental supervision on cocoa
farms. While farmers perceive no issues, the LkSG seeks to intervene by addressing
and eliminating this risk.

4.4.2.3 Employment in Forced Labor (§ 2 para. 2 no. 3 LkSG)

In this section, we focus solely on adults in forced labor, as the issues of children in
forced labor fall under the category of WFCL, as discussed in the previous section.

Forced labor is categorized as work performed involuntarily and under the threat
of penalties. It includes situations where individuals are compelled to work through
violence, intimidation, or coercive tactics [422]. In Côte d‘Ivoire and Ghana, there are
existing cases of forced labor among adults on cocoa farms [406, 423]. This issue affects
not only local people but also migrants from neighboring countries. However, the
risk is particularly high in Cote d’Ivoire, where migrants from neighboring countries
such as Burkina Faso or Mali are coerced and forced to work on cocoa farms [381,
406]. Despite this, both countries have ratified the ILO forced labor convention [422].
According to the study by Buhr and Gordon [406], an estimated 0.33% of adult
workers in Ghana and 0.42% of adult workers in Côte d’Ivoire were subjected to
forced labor between 2013 and 2017 [406]. The study focused on medium- and high-
production areas, excluding low-production areas and illegal farms [406]. These
findings align with Lebaron’s research [405], emphasizing the difficulty of isolating
forced labor as workers often shift between forced labor and less severe forms of
abuse within short periods [405]. With regard to the LkSG, it is crucial to acknowledge
that this problem poses a human rights risk in both countries, even though measuring
its extent remains challenging [406].

4.4.2.4 Occupational Safety and Health Obligations (§ 2 para. 2 no. 5 LkSG)

Cocoa farming poses health risks through the use of sharp tools, carrying heavy loads,
spraying agrochemicals, or working in extreme weather conditions, as well as the
possibility of being bitten by poisonous animals [424–426]. The study of Bosompem
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and Mensah [425] indicates that injuries primarily from cutlasses, stump/thorn,
and ant bites, are common. Furthermore, smallholder cocoa farmers suffer from
back and waist pains during the harvest season or headaches from agrochemical
inhalation [425]. Injuries can take up to 15 days a year when the farmer cannot work,
leading to a yearly monetary loss (medical treatment and absent days) of about 17%
of their annual revenue [425, 426].

Smallholder cocoa farmers, though willing to protect themselves, face challenges.
Essential personal protection equipment like Wellington boots, overalls, or gloves
is often unaffordable due to financial lack. Additionally, the unavailability of such
equipment in local areas necessitates long-distance travel for purchase. Some farmers
also encounter issues with size availability, leading to discomfort, such as wearing
incorrectly sized Wellington boots or overalls for long distances in the sun [426, 427].

Occupational safety and health obligations for smallholder cocoa farmers in both
countries are currently lacking. However, it is worth noting that Ghana has ratified
the ILO Safety and Health in Agriculture Convention, indicating some recognition
of the importance of safety and health in agricultural practices [428]. Despite the
significance of safety and health for smallholder cocoa farmers, financial constraints
prevent most from affording personal protection equipment that could help mitigate
these risks and injuries [425–427]. This risk addressed in the LkSG benefits cocoa
farmers and can significantly contribute to improving occupational safety in cocoa
farmers’ working lives.

4.4.2.5 Withholding an Adequate Living Wage (§ 2 para. 2 no. 8 LkSG)

This aspect of the LkSG aims to ensure that employees are paid remuneration to
have a decent living for themselves and their families [9, 429]. The LkSG states that
fair payment is at least the applicable minimum wage [9]. However, a minimum
wage does not always lead to a decent living, so fair remuneration can also be above
the minimum wage to enable an adequate living [429]. Widespread poverty persists
among smallholder cocoa families, as their very low income prevents them from
achieving a decent standard of living [391, 430, 431].

The majority of smallholder cocoa farmers in Côte d’Ivoire and Ghana work as
self-employed individuals, implying that they do not receive any form of remuner-
ation. The farmer’s remuneration is essentially the profit from selling cocoa sacks
to middlemen at government-fixed prices. Few smallholder cocoa farmers can af-
ford occasional labor assistance, typically for specific tasks, and no formal contracts
exist. Working conditions for employed individuals are non-transparent, relying on
oral agreements without considerations like a minimum wage, making tracking of
working conditions difficult [391, 432, 433]. It is crucial to highlight that Côte d‘Ivoire
has signed the ILO convention for a minimum wage in agriculture, whereas Ghana
has not signed it [434]. In Ghana, the minimum wage is about 1.16 Euros per day
per person, and that in Côte d’Ivoire is about 3.81 Euros a day per person [435, 436].
A smallholder cocoa family receives a total average annual revenue of about 600
Euros. Considering the additional expenses such as those from purchasing fertiliz-
ers and other farming equipment, the farmers in both countries earn below their
local minimum wage. Thus, smallholder cocoa farmers can only meet the country’s
minimum wage and obtain a so-called living income or decent living, if the cocoa
price is raised significantly [391, 431, 437]. Overall, this risk is a daily challenge for
smallholder cocoa farmers, even though they are self-employed they can only depend
on the cocoa price set by their governments.
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4.4.2.6 Remarks on the relevant Risks from the Perspective of Smallholder Co-
coa Farmers

About 15% of the addressed risks in the LkSG are significant issues for smallholder
cocoa farmers and have a major effect on their well-being. The identified risks, which
are existing issues for cocoa farmers are the following: (1) forced labor, (2) withholding
adequate living wage, and (3) occupational safety and health obligations. Child labor
and WFCL are omitted, as they are not perceived as issues from the perspective of the
smallholder cocoa farmers due to their socio-cultural norms and values. In this regard,
the LkSG would also interfere with the farmer’s socio-cultural norms and values
for some of the addressed risks in the LkSG, thereby enforcing cultural imperialism.
Therefore, we emphasize considering the socio-cultural norms of Ghana and Côte
d’Ivoire when analyzing human rights, avoiding a solely Western perspective, and
refraining from imposing European standards. Smallholder cocoa farmers and their
families generally do not face major or common issues related to the other specific
definitions of human rights risks in the LkSG, such as forms of slavery, violation
of freedom of association, and use of private or public security forces to protect
enterprise projects. Although the environmental risks addressed in the LkSG have
no relevance to smallholder cocoa farmers, two significant environmental risks are
entirely not covered by the law. The first is deforestation. Ghana has lost about
65% of its forest area and Côte d’Ivoire about 90% in the last 30 years, where cocoa
production is the primary driver [387, 438, 439]. The second risk is the high usage
of agrochemicals and pesticides in cocoa production [391]. However, as a result,
when considering only the identified relevant addressed risks, the LkSG can have
positive impacts, especially in terms of occupational safety and health obligations,
adequate living wages, and forced labor.

4.4.3 Procedural Implications of the LkSG for affected Companies in Ger-
many

In this section, we aim to shed light on the procedural effects of the LkSG on the
companies from the perspective of smallholder cocoa farmers. Therefore, we sys-
tematically assess the entire due diligence process, that the LkSG requires from
the affected companies.

4.4.3.1 Risk Management and Risk Analysis

All chocolate manufacturers and retailers in Germany that are required to comply
with the LkSG must primarily implement risk management for their business unit
and its tier-1 suppliers to comply with the due diligence obligations (see Figure 4.3).
The risk management must be effective and appropriate and needs to be monitored
by a human rights officer of the company (§ 4 LkSG).
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Figure 4.3: Proactive and event-driven analysis based on the own business unit of
retailers and chocolate manufacturers along the generalized supply chain. Proactive
risk analysis, denoted by a solid arrow, is mandatory and must be conducted at least
once a year for the own business unit and tier-1 suppliers, while event-driven risk
analysis of tier-n suppliers, indicated by a dashed arrow, needs to be conducted by
substantiated knowledge only.

As part of risk management, it is necessary to carry out an adequate risk analy-
sis to identify human rights and environmental-related risks within the company’s
business unit and its tier-1 suppliers (§ 5 LkSG). The risk analysis must be per-
formed annually and occasionally, such as a change in the risk landscape within
the supply chain [9]. However, the LkSG does not provide a specific method for
conducting the risk analysis, leaving it up to the company to choose an appropri-
ate approach [9, 372]. Initially, the annual risk analysis does not significantly affect
cocoa farmers, as only the company’s own business unit and tier-1 suppliers need
to be considered (see Figure 4.3).

Looking at the supply chain of chocolate manufacturers in Germany (see Fig-
ure 4.3), they procure their processed cocoa, such as cocoa butter or liquor, from
processing companies primarily located in Europe as pointed out in Section 4.3.2.
Likewise, the chocolate manufacturers of retailers are based in Europe. Smallholder
cocoa farmers, who are tier-n suppliers for companies in Germany are not covered
by the LkSG because affected companies are not required to conduct a proactive risk
analysis of them. A risk analysis must only be carried out for cocoa farmers if the com-
pany has substantiated knowledge [9]. Affected chocolate manufacturers in Germany
can obtain substantiated knowledge about risks or violations of human rights in
cocoa production through, e.g., the complaints procedure, media reports, or NGOs [9,
391, 440]. Consequently, an event-driven risk analysis must be conducted. As a result,
this leads to implementing preventive measures and actions to mitigate or eliminate
the identified risks in cocoa production (see Section 4.4.3.2). However, this reveals
a weakness of the LkSG – the exclusion of tier-2 and beyond suppliers. Excluding
tier-n suppliers from proactive risk analysis is a main criticism of the LkSG. Former
UN Secretary-General John G. Ruggie, in an open letter to the German Government,
highlighted this omission and expressed concerns about the timing of substantiated
knowledge, as conducting a risk analysis after a violation may be too late [379].
For smallholder cocoa farmers, who are tier-n suppliers for affected companies in
Germany, a risk analysis is only required if the retailer or chocolate manufacturer in
Germany has substantiated knowledge of impending or existing harm [9].
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4.4.3.2 Preventive and Corrective Measures

Appropriate preventive measures must be taken if a company identifies risks within
its annual or event-driven risk analysis (§ 6, § 9 LkSG). If identified risks have oc-
curred or are imminent, the company must implement corrective actions immediately
to prevent, cease, or minimize violations (§ 7 LkSG). The LkSG distinguishes between
ending the violation within the company’s business unit and tier-1 supplier. In the
business unit, the prevention measure must effectively end the violation. For tier-1
suppliers, if the violation cannot be stopped immediately, the company must develop
and implement a concept with a schedule to minimize or end the violation [9]. In case
of substantiated knowledge regarding tier-n suppliers, besides the event-driven risk
analysis, retailers or chocolate manufacturers need to implement prevention mea-
sures (§ 9 LkSG), which can be classified as an output. Furthermore, those companies
must develop and implement a concept to prevent, end, or minimize the identified
risks or violations. This can significantly affect smallholder cocoa farmers’ well-being
since the retailers and chocolate manufacturers are legally obligated to implement
the respective preventive and remedial measures and review and document them
accordingly. However, it should be noted that the LkSG establishes an obligation
to make an effort but does not guarantee success or assume liability. It means that
companies must demonstrate that they have implemented the due diligence require-
ments under the LkSG. Thus, they are not obliged to ensure they are entirely free
from human rights violations or environmental issues [9, 207, 382, 441]. Moreover,
the LkSG states that the action taken by a company depends on its potential influence
on the direct cause of the risk or violation. The LkSG provides examples such as
the size of the company, order volumes, or proximity to the risk [9, 382, 441]. Falder
et al. [442] argue that undefined legal terms could be problematic, as it is unclear
which action should be taken. They highlight this problem by clarifying that the size
of a company or the order volume should not determine the actions to be taken in
case of grave human rights violations [442].

As a part of the preventive measures, retailers and chocolate manufacturers must
also provide a policy statement based on their risk analysis (§ 6 LkSG). However, this
policy statement does not immediately affect smallholder cocoa farmers. In the long
term, it could affect smallholder cocoa farmers, as those companies need to define
their human rights strategy and set expectations for their business partners along
their supply chain. Whether this policy statement is more of a formal matter or has
positive effects is questionable, but in any case, it may raise awareness. Therefore, it
is required that companies establish agreements regarding appropriate contractual
control mechanisms to ensure that the immediate supplier complies with the human
rights strategy (§ 6 LkSG).

4.4.3.3 Complaints Procedure

In addition to risk analysis, companies must establish a complaints proce-
dure (§ 8 LkSG), accessible to all individuals involved in the entire supply chain [9,
443]. In principle, this is a simple but only possibility to enable smallholder cocoa
farmers to file complaints to retailers and chocolate manufacturers in Germany
with regard to their issues and risks identified in section 4.4. Additionally, when
a company receives an indication, it must investigate all reports and examine
the reported issue. This can lead to an event-driven risk analysis of issues about
smallholder cocoa farmers, eventually leading to a betterment of their situation.
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However, as most farmers are uneducated and have poor technology access [386],
it becomes challenging for them to learn about a German company’s complaints
procedure. Submitting complaints, whether through phone calls (which may incur
costs for the farmers), voice messages, or websites that might be in English rather than
their local language, becomes challenging. Although the complaints procedure must
be implemented without any access barriers, it might still be a barrier to smallholder
cocoa farmers, raising the question of whether they are even interested in utilizing it.
Therefore, the smallholder cocoa farmers would also need information regarding the
supply chain to contact the relevant manufacturer or retailer in Germany.

4.4.3.4 Annual Report

The affected companies must document all their actions regarding the required
due diligence and publish annually a report regarding their fulfillment of the due
diligence (§ 10 LkSG), which will be reviewed by the German authority (Federal
Office for Economic Affairs and Export Control). In a broader sense, this due diligence
will not directly affect smallholder cocoa farmers. Nevertheless, documentation and
monitoring will show effects, leading companies to take seriously their due diligence
obligations according to the LkSG.

4.4.3.5 Remarks on the Procedural Implications

The procedural implication of the LkSG can have a positive impact on smallholder
cocoa farmers. Particularly, the complaint procedure and the event-driven analysis
associated with it could have a positive effect on smallholder cocoa farmers, as
companies are legally required to address the issues and initiate preventive measures
(output), annually reviewed by the German authority. However, these effects may
not be immediately noticeable to smallholder cocoa farmers, as the LkSG emphasizes
the obligation to make an effort but not guarantee results. At the same time, they
could justify their limited actions based on their influence over smallholder cocoa
farmers as defined by the LkSG (§ 3 LkSG). The question then arises: suppose the
big players in the chocolate industry such as Mars Wrigley, Ferrero Group, and
Mondelez International, with greater influence to implement proactive and corrective
measures, would fulfill their due diligence obligations, will it lead to an improvement
for smallholder cocoa farmers? The answer to this question can only be provided in
the future after several years of the LkSG implementation have passed. At the latest,
when the CSDDD comes into force, the due diligence obligations for companies
will become more extensive [342].

4.4.4 The Role of NGOs

In light of the challenges faced by smallholder cocoa farmers in lodging complaints,
NGOs can play two major roles for them concerning the LkSG. Firstly, they can
contribute substantial knowledge by reporting violations or risks through the com-
plaint system of the respective chocolate manufacturer or retailer or directly to the
German Federal Office for Economic Affairs and Export Control. Alternatively, they
can generate reports or studies regarding human rights violations or risks faced by
smallholder cocoa farmers. As explained in the previous section 4.4.3, substantiated
knowledge triggers an event-driven risk analysis of the cocoa supply chain, which
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in turn guides corrective measures to be taken by the respective manufacturer or
retailer under the LkSG.

Secondly, according to §11 LkSG, a special litigation status is possible in that the
person concerned along the supply chain, in this case, the cocoa farmer, can authorize
an NGO or trade union for legal action. This special legal standing applies exclusively
to NGOs and trade unions based in Germany that are not commercially active and are
not only temporarily committed to human rights [9]. This implies that a German NGO,
for instance, can uphold the rights of smallholder cocoa farmers, potentially resulting
in significant legal expenses and harm to the reputation of the chocolate manufacturer
or retailer involved. Nevertheless, the violation of an overriding importance of the
concerned smallholder cocoa farmer’s protected legal position under § 2 para. 1
of the LkSG must be asserted; the concrete requirements for such assertion remain
indeterminate even according to the legislative rationale [9].

4.4.5 The Role of Media

Media is a powerful instrument and can have effects on the implications of the
LkSG in two ways. Firstly, the media is crucial in creating awareness about human
rights and environmental risks within supply chains for cocoa-containing products,
particularly in Germany. Additionally, negative publicity regarding LkSG issues
can adversely affect a company’s reputation. This heightened awareness due to
media can potentially influence the consumers’ purchasing decisions. Consumer
pressure is a main driver to push companies to more sustainable practices within
their supply chains [444–446]. The consumers’ awareness and pressure regarding
human rights and environmental-related risks in the cocoa supply chain may shape
the sourcing strategy of companies. Moreover, this might drive companies to initialize
more LkSG-risk-free cocoa supply chains in the future, which will assist smallholder
cocoa farmers in improving their situation in the long term.

Secondly, the media can play an important role in providing retailers and chocolate
manufacturers in Germany with actual indicators of violations and risks within
their cocoa supply chain, especially on cocoa farms. If this leads to a substantiated
knowledge of those companies, they must conduct an event-driven risk analysis
regarding smallholder cocoa farmers, as examined in Section 4.4.3 [9, 447]. In this
regard, media attention could help smallholder cocoa farmers by potentially initiating
a risk analysis for the retailer and chocolate manufacturers. Subsequently, preventive
and corrective measures would need to be established depending on the identified
risks to address existing violations and risks on cocoa farms. Therefore, the media
can support smallholder cocoa farmers by generating awareness about their issues
among consumers, retailers, and chocolate companies.

4.4.6 Remarks on the Effects of the LkSG on Smallholder Cocoa Farmers

The LkSG has the potential to incentivize chocolate manufacturers and retailers under
the LkSG to reassess their cocoa supply chain, mitigating risks through supplier
selection and development. This could instigate implications not only for German
companies themselves but also for suppliers throughout the global supply chain. In
addition to adjusting the sourcing strategy, worldwide suppliers may experience
increased administrative requirements, as companies under the LkSG seek to ensure
that their suppliers adhere to human rights compliance and pass this requirement
down to their suppliers.
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The LkSG’s influence on awareness (outcome), driven by media attention and
reputational concerns, can positively shape the entire company’s cocoa supply chain
in the long term. This influence can lead to increased vertical integration of chocolate
manufacturers and retailers, addressing social and environmental risks, enhancing
transparency, and striving for an LkSG-risk-free supply chain. Transparency, defined
as a shared comprehension and accessibility to relevant information such as product
information, transactions, or labor conditions, becomes crucial in achieving these
goals. Achieving transparency requires providing complete, accurate, and relevant
data based on the specific information needs of supply chain actors, ultimately
allowing for a clear understanding of who delivered what to whom [448].

The trend towards vertical integration, already noticeable for social and environ-
mental reasons, may intensify with the LkSG and forthcoming regulations [449–451].
However, challenges may arise due to the special cocoa market structure and govern-
mental regulation, especially in Ghana due to COCOBOD, limiting the benefits for
smallholder cocoa farmers. In Côte d’Ivoire, potential advantages through vertical
integration exist, since cocoa sacks can be directly purchased from smallholder cocoa
farmers. Despite this, the LkSG’s efficacy might encounter limitations.

German companies, aiming for an LkSG-risk-free supply chain, may drive de-
mand for socially and environmentally responsible cocoa, impacting sustainable
farming practices. This impact may be realized through outputs such as farmer train-
ing, better resource access, and fostering social and environment-friendly farming.
Simultaneously, as an output, these requirements may raise national governments’
awareness of human rights and labor practices, potentially leading to long-term
(national) legislative changes worldwide (impact).

Despite potential effects, emerging negative outcomes include companies con-
templating withdrawing from high-risk countries or changing their purchasing strat-
egy by prioritizing only countries with very low human rights and environmental
risks [375]. The potential withdrawal of German companies from the African market
as a response to LkSG, aiming to avoid serious consequences, may have adverse
effects on nations characterized by elevated human rights and environmental risks.
This scenario could be exacerbated by the entry of companies from countries with low
human rights and environmental standards [452–454]. The LkSG, despite challenges,
represents a step in the right direction. Companies in Germany, sensitized to ethical
concerns, are preparing for upcoming regulations, offering potential advantages for
the entire cocoa supply chain.

This study presents some limitations which provide opportunities for future
research. Our literature review, though extensive, was limited to the literature that was
accessible. Given that the LkSG is relatively new, forthcoming literature is anticipated
to offer more pertinent insights. While our review was conducted from a desktop
perspective, it provides a solid foundation for future field studies that could offer a
more current representation of the situation on the ground. Based on these limitations,
we recommend that future works should consider an empirical study to analyze
the implications of LkSG on smallholder cocoa farmers’ human rights. Additionally,
future research could investigate how the LKSG influences upstream and downstream
actors in the global cocoa supply chain.
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4.5 Conclusion and Recommendation

A critical look at the cocoa supply chain in this study has revealed that human rights
violations and environmental damages are not rampant in Europe, but rather at the
beginning of the cocoa supply chain, specifically in Côte d’Ivoire and Ghana, where
most of the world’s cocoa is produced [381, 414].

The LkSG, a new law in Germany, has attracted considerable research attention,
which tends to be argued from the perspective of Germany or Europe [261, 262, 372–
374]. Given that the purpose of the LkSG is to improve the protection of human rights
and the environment, it is also crucial to examine the LkSG from the perspective
of individuals and countries where human rights and environmental risks persist.
Few studies show the potential effects of the LkSG in developing countries, without
thorough analysis [375, 376]. In addressing this gap in the literature, our contribution
lies in analyzing the LkSG from the perspective of the cocoa smallholder farmers
in West Africa and the potential implications the LkSG could have on them. To the
best of our knowledge, this study represents the first thorough analysis and marks
an initial investigation in this research area.

Due to its limitations, the LkSG may not lead to remarkable improvements for
smallholder cocoa farmers and their families in the short and mid-term. This limi-
tation arises because the LkSG primarily focuses on the affected retailers, chocolate
manufacturers’ business units, and tier-1 suppliers, which are mainly located in Eu-
rope. Since smallholder cocoa farmers are typically not considered tier-1 suppliers to
either chocolate manufacturers or retailers in Germany due to their upstream position
within a multi-echelon supply chain, they are not included in their proactive risk man-
agement, which must be conducted yearly. However, in the long term, the LkSG could
positively impact smallholder cocoa farmers, as it may lead to increased awareness
(outcome). This, in turn, is likely to affect the supply chain strategy of manufacturers
and retailers in Germany, which might result in a positive impact on smallholder
cocoa farmers. The results of this study, the effects of the LkSG on smallholder cocoa
farmers may to some extent, apply to other farmers or workers in developing coun-
tries engaged in raw material production or extraction. This is because, given the
complexity of supply chains, the first actors typically do not operate as tier-1 suppliers
to companies in Germany and therefore are not the primary focus of the LkSG.

Overall the LkSG fails to achieve its goal of improving human rights and envi-
ronmental protection by not directly including actors such as the cocoa farmers in
high-risk countries, as these are usually not tier-1 suppliers to affected companies
in Germany. However, the upcoming CSDDD is designed to be more stringent. For
example, due diligence obligations not only apply to the company’s own business
unit and the tier-1 suppliers but also to the upstream and downstream value chain.
Consequently, affected chocolate manufacturers and retailers in Europe would need
to consider cocoa farmers, e.g., in their risk analysis which would lead to positive
implications. Furthermore, affected companies could be held liable under civil law
with the possibility of claims for damages being pursued, for instance [342]. All in all,
we recommend German companies to develop suppliers in Africa through training
and provision of necessary resources. This way, African suppliers can align with the
requirements of German or European companies which are affected by the LkSG
and in the future of the CSDDD.
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This paper solely analyzed the perspective of smallholder cocoa farmers, neglect-
ing other viewpoints like those of intermediaries in West Africa, chocolate manufactur-
ers, or retailers. We recommend further research to explore these other perspectives,
specifically focusing on how the LkSG influences companies’ sourcing strategies
and the challenges they encounter in ensuring due diligence according to the LkSG.
Cocoa is one example of numerous commodities cultivated in environments plagued
by human rights abuses or environmental hazards. Other commodities like Mica
in India and Cobalt in the Republic of Congo, also carry substantial risks in their
supply chains [455–457]. Therefore, we suggest additional surveys into the supply
chains of other commodities, to gain a deeper understanding of the scope and ef-
fects of the LkSG and to determine whether its limited effect is influenced by the
unique structural characteristics of the cocoa market in West Africa or if it can be
generalized. Furthermore, our research does not consider the possible implications
on the economy in West Africa resulting from the withdrawal of operations due to
the LkSG implementation. Therefore, we recommend further analysis in this regard.
Additionally, investigating any changes in companies’ strategies and the extent to
which vertical integration has increased to establish secure LkSG-risk-free supply
chains would be valuable. Moreover, we highlight conducted studies in possible
technology solutions, such as blockchain technology, where all the LkSG risks can
be tracked to enhance full transparency in the cocoa supply chain.

In summary, while the LkSG is designed to enhance human rights and environ-
mental conditions throughout supply chains, our research does not indicate any
significant short- to mid-term positive implications for smallholder cocoa farmers.
However, the law potentially leads to beneficial impacts for these farmers in the
long run. Furthermore, our study suggests that the heightened awareness brought
about by the law could ultimately shape supply chain strategies to the advantage
of smallholder cocoa farmers in West Africa.
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CHAPTER 5

Sustainable Supplier Evaluation under Due
Diligence Acts

Abstract
The enactment of due diligence legislation, such as the German Act on Corporate
Due Diligence Obligations in Supply Chains, in German Lieferkettensorgfaltspflichtenge-
setz (LkSG), is reshaping global supply chain management by compelling companies
to tackle heightened human rights and environmental risks in their supply chain.
This study addresses the need for a comprehensive sustainability supplier evaluation
framework by employing a systematic literature review with an expert survey of
practitioners from German companies subject to LkSG. This methodology aligns
academic findings with real-world practice and legal requirements, enriching the
literature with practical insights. The results reveal that business practice prioritizes
economic and social dimensions, whereas the literature focuses on economic and
environmental dimensions. Although the most relevant economic and environmental
criteria are consistent across both domains, the key social criteria show a notable
misalignment. Managers can utilize the most relevant sustainability supplier evalua-
tion criteria identified in this study to promote sustainable supply chains and ensure
compliance with due diligence requirements. This research also highlights the high
relevance of human rights as a social criterion, a dimension that has been historically
under-recognized or implicitly addressed in the literature.

5.1 Introduction

In the past, companies had the option to voluntarily implement due diligence on
human rights within their supply chains [458]. However, with the enactments of due
diligence acts for supply chains, such as the German Act on Corporate Due Diligence
Obligations in Supply Chains, in German Lieferkettensorgfaltspflichtengesetz (LkSG), the
French Loi de Vigliance, or the US Uyghur Forced Labor Prevention Act, companies are
compelled to adopt more sustainable practices along their supply chains [9, 177, 254].

These regulations aim to prevent and combat human rights and environmental
abuse [9], particularly at the origin of supply chains, where high risks are prevalent,
such as in the extraction and cultivation of raw materials [66, 459, 460]. For instance,
the extraction of cobalt in the Democratic Republic of the Congo is characterized by
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significant challenges, including child labor, forced eviction, and water and soil pollu-
tion [460, 461]. Concurrently, the cultivation of cashew nuts in West African countries,
such as Nigeria, Ghana, and Côte d’Ivoire, is associated with child and forced labor,
deforestation, and biodiversity loss [459, 462]. Consequently, companies must con-
sider the legal requirements they fall under when evaluating existing or potential
suppliers to ensure compliance [9, 463]. This is especially crucial for suppliers in
regions with heightened human rights and environmental risks [463–465]. However,
LkSG does not explicitly define how to evaluate the company’s own business unit
and suppliers. According to § 5 LkSG, a risk analysis must be performed annually or
on occasion for an organization’s own business unit and its tier-1 suppliers, with the
objective of identifying potential human rights and environmental risks or violations
as defined in § 2, para. 2 and 3 LkSG. It does not require an analysis of all tier-1
suppliers, but only those with typically heightened human rights and environmental
risks [466]. Therefore, identifying the most relevant sustainability criteria for evaluat-
ing suppliers to comply with these regulations is essential; accordingly, this study
examines these criteria within the context of LkSG.

Within this study, a criterion is a specific, distinguishing attribute used to evaluate
a supplier’s sustainability performance. Criteria capture information at various levels,
from high-level indicators (e.g., environmental management system) to granular
operational metrics (e.g., working hours).

Sustainability has become an increasingly prominent topic in the literature. For
example, Goggin et al. [467] highlighted how the reliance of the biopharmaceuti-
cal sector on single-use plastics, despite their operational advantages, increasingly
conflicts with sustainability objectives and the transition to a circular economy. The
authors emphasize that prevailing life-cycle analyses often overlook post-use im-
pacts and reveal limited industry engagement with more sustainable alternatives. In
contrast, the study by Le et al. [468] proposed a model for detecting tomato plant
diseases that enables real-time detection in resource-limited settings, supporting
early intervention, reduced pesticide use, and more sustainable agricultural practices
for tomato cultivation. Another example, Pedersen et al. [469], explored consumer
perceptions of sustainability in food production and preferences for sustainability
labels. The research revealed that consumers lack clear information and prioritize dif-
ferent sustainability indicators, such as pollution, animal welfare, and fair wages. The
findings highlight the need for transparent labeling and greater responsibility from
retailers and producers to support informed, sustainable food choices. This growing
emphasis on sustainability across various disciplines is also evident in the realm of
supply chain management [27, 470, 471]. The importance of sustainable practices in
supply chains is increasing, driven by regulations, customer demand, and corporate
reputation [3, 472]. Despite the growing research and practical focus on sustainability,
a gap exists between theoretical frameworks and business practice in the context of
sustainable supply chains [473, 474]. This gap is increasingly pronounced due to new
regulations such as LkSG and the upcoming European Corporate Sustainability Due
Diligence Directive (CSDDD), which have not yet been comprehensively addressed in
the literature [179, 180, 475]. A critical issue is the lack of clarity in the literature re-
garding the actual application of the most relevant sustainability criteria for supplier
evaluation in practice. This is especially pertinent in addressing heightened human
rights and environmental risks, particularly in light of new regulatory requirements.

Literature review, which has been the most widely used methodology, presents
some weaknesses. They are associated with selection bias and a lack of critical anal-
ysis [353, 476]. To address these shortcomings, this study combines a systematic
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literature review (SLR) with content analysis from both literature and practical per-
spectives to examine the sustainability criteria for supplier evaluation in the context
of due diligence acts, using LkSG. The findings will support companies in enhancing
their supplier evaluation processes, promoting the selection and development of
suppliers with lower human rights and environmental risks. Ultimately, this will
contribute to the fostering of sustainable supply chains and ensure compliance with
evolving due diligence regulations. In this context, this study aims to answer the
following research questions (RQ):

• RQ 1: What are the most relevant sustainability criteria for supplier evaluation
according to the literature?

• RQ 2: Which of these sustainability criteria do companies consider in evaluating
suppliers with heightened human rights and environmental risks in the context
of LkSG?

• RQ 3: What additional sustainability criteria do companies consider in evaluating
suppliers with heightened human rights and environmental risks in the context
of LkSG?

The paper is structured as follows. Section 5.2 reviews the state of research on
sustainable supply chains, supplier evaluation, and sustainability criteria for supplier
evaluation. Subsequently, Section 5.3 describes the research methodology and data
collection. Next, the research findings will be presented and discussed in Sections 5.4
and 5.5. Finally, a conclusion in Section 5.6 will be provided.

5.2 Literature Review

5.2.1 Sustainable Supply Chains and Supplier Evaluation

The growing demand for goods and services has driven companies to undertake
production activities with severe social and environmental impacts [473, 477]. The
1987 Brundtland Report [16] highlighted the need for changes in industrial practices
and consumption to ensure sustainability. It popularized the concept sustainable
development, defined as “development that meets the needs of the present without
compromising the ability of future generations to meet their own needs” [16]. Building
on the concept of sustainable development, ten years later, Elkington [21] introduced
the Triple Bottom Line (TBL) as a framework for assessing business performance
across three dimensions: economic, environmental, and social. TBL broadens the
environmental agenda by integrating these aspects, encapsulated in the terms profit,
planet, and people [21]. In the context of the supply chain, sustainability refers to
embedding economic, environmental, and social considerations as raw materials are
sourced, converted to products, and delivered to the customers [27, 74].

The literature has increasingly published articles on sustainability in supply
chains, with the topic gaining steady importance in recent years [27, 478–480]. Par-
ticularly, supplier selection has been a prominent subject in academia over the past
decades [481–483]. This is due to the fact that suppliers play a crucial role for the
buying company, providing the right materials, components, and solutions at the
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right time and place, all while keeping costs competitive [172]. To foster sustain-
ability in the supply chain, the social and environmental performance of a supplier
is crucial [172, 473]. Therefore, selecting the right supplier is of paramount impor-
tance [484]. Not only economic criteria but also environmental and social criteria
must be considered, introducing multiple criteria into the evaluation process [482,
484, 485]. For this reason, a wide spectrum of methodologies have been developed in
recent years in academia, especially various multi-criteria decision making (MCDM)
methods that play an important role in supplier selection approaches [485–487].
However, a literature review by Vörösmarty and Dobos [474] concerning Data Envel-
opment Analysis (DEA) for supplier selection and evaluation notes a significant gap:
most research focuses solely on the environmental dimension, and practice-oriented
studies are scarce. Additionally, other studies [29, 473] indicate that a comprehen-
sive focus on all three dimensions of sustainability is limited, with economic and
environmental aspects dominating the research. Our study integrates all three dimen-
sions, with an additional special focus on supplier selection criteria in the context
of the due diligence acts.

5.2.2 Sustainability Criteria for Supplier Evaluation

The evaluation and selection of suppliers are pivotal for organizations, as they influ-
ence both product quality and adherence to sustainability responsibilities [29, 488].
With the recent introduction of due diligence acts in supply chains, such as LkSG
or the upcoming CSDDD, organizations are legally required to comply with due
diligence obligations [9, 128]. If they fall within the scope of these regulations, they
must adhere to the prescribed requirements to avoid legal sanctions and reputational
damage resulting from negative media coverage [9, 463]. To foster a sustainable
supply chain and comply with LkSG, companies must consider human rights and en-
vironmental expectations when selecting direct suppliers [9]. This involves rigorously
applying sustainability criteria to evaluate existing and potential suppliers, ensuring
they meet heightened human rights and environmental protection standards. By
doing so, companies can mitigate and eliminate violations and risks, promoting a
more sustainable supply chain.

As sustainability considerations in supply chains have gained prominence, re-
search on sustainable supplier evaluation has expanded accordingly [489–493]. A
study by Ageron et al. [488] found that, despite the introduction of sustainability cri-
teria for supplier evaluation over a decade ago, quality and price remained the most
important criteria, while social responsibility was given the least priority. Rashidi et
al. [29] presented similar findings eight years later. The study revealed that economic
criteria remain the most frequently used, followed by environmental criteria, with
social criteria being the least applied. They identified quality, delivery, and cost as the
most frequently used economic criteria [29], representing the traditional criteria [484,
494]. For environmental criteria, the most applied criteria are the environmental
management system, followed by recycling and pollution control. Regarding social
criteria, the authors found that work safety and labor health are the most commonly
used, followed by employment practices and social responsibility [29]. However, the
study by Kuo et al. [495] yielded different results. Unlike Ageron et al. [488] and
Rashidi et al. [29], who did not focus on a specific industry, Kuo et al. [495] concen-
trated on the palm oil industry. Their findings indicate that in the palm oil industry,
environmental criteria receive the highest priority when evaluating sustainable sup-
pliers, followed closely by economic criteria, while social criteria lag significantly
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behind [495]. Similarly, the research by Mubarik et al. [496], which focused solely
on green supplier selection in the automobile industry—specifically on economic
and environmental dimensions—revealed that the most important criteria differ
from traditional ones. Notably, environmental management systems, technology, and
pollution take precedence, while delivery time, although traditionally considered,
remains a key criterion [496].

Most researchers use the TBL framework—economic, environmental, and so-
cial—to cluster criteria for supplier evaluation [148, 497, 498]. Some scholars have
expanded this framework, for instance, Ghamari et al. [499] introduced a resilience
dimension, while Khalili Nasr et al. [500] incorporated a circular dimension. Con-
versely, other researchers have opted not to use any classification of the criteria [501,
502]. Notably, some researchers categorize the criteria into main and sub-criteria [490,
497, 503], while others adopt a more holistic approach without such distinctions [491,
504]. The variation in classification, ranging from broad to granular, was highlighted
in a comprehensive literature review by Rashidi et al. [29], emphasizing the absence
of a standard framework in the field.

This section synthesized key findings from the existing literature on sustainability
criteria for supplier evaluation, establishing a foundational basis for our study. It is
not an exhaustive systematic review but rather a focused selection of relevant findings.
A comprehensive, ungrouped list of all criteria identified by the authors cited in this
review is available in Appendix B, p. xiii, which illustrates their full variety and
total count. In contrast, the most relevant sustainability criteria, as determined by
our SLR, can be found in Table 5.3.

5.2.3 Gaps in the Literature

Although extensive research exists on sustainable supplier evaluation [69, 493, 505],
Rashidi et al. [29] highlight a persistent gap between business practice and academia
that needs to be bridged to gain deeper insights into sustainable supplier evalua-
tion. Additionally, Rajeev et al. [473] and Vörösmarty and Dobos [474] emphasize
that studies rarely focus on all three dimensions of sustainability, with the social
dimension being particularly underrepresented. They underscore the need for more
practice-focused studies to address this gap. Furthermore, various scholars have
identified numerous criteria essential for sustainable supplier evaluation [488, 495,
501, 503]. However, there is no universally accepted classification framework for
these criteria [29, 499].

Also, historically, due diligence was largely voluntary for organizations [458,
506] but given the recent legal developments that require companies to comply
with sustainability-related regulations, there are limited studies that examine which
criteria companies apply. While due diligence acts in supply chains emphasize human
rights and environmental risks, academic research has yet to thoroughly examine
the sustainability criteria by which suppliers with heightened human rights and
environmental risks should be evaluated.

5.3 Research Methodology and Data Collection

The first objective of this study is to develop a comprehensive, structured list of the
most relevant sustainability criteria for supplier evaluation, derived from an SLR (see
Section 5.3.1). The second and third objectives are to assess which of the identified
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Figure 5.1: Research process.

criteria from the literature are also relevant in practice and to identify additional
criteria for evaluating suppliers with heightened human rights and environmental
risks in the context of LkSG. To achieve this, we conducted a survey with experts
(see Section 5.3.2). Figure 5.1 presents a concise overview of our research process,
which will be detailed in the following sections.

We apply the TBL framework, which advocates for a balanced consideration
of economic, environmental, and social dimensions [21]. Although LkSG primarily
focuses on human rights and, to a lesser extent, specific environmental protections,
it does not explicitly address economic criteria. Despite this, the TBL remains the
appropriate theoretical framework for our study due to the inherent interconnected-
ness of these dimensions, where, e.g., social and environmental risk have an impact
on economic performance [507]. For instance, a supplier’s commitment to fair labor
practices and safe working conditions often leads to a more skilled and motivated
workforce. This directly contributes to higher product quality, which presents an
economic criterion [508, 509]. Therefore, applying the TBL framework allows us to
develop a holistic sustainability framework for evaluating suppliers, recognizing
that addressing human rights and environmental risks is not merely a matter of
compliance but a critical component of strategic economic management. This ap-
proach strengthens the theoretical foundation of our study, demonstrating that due
diligence is an indispensable part of a company’s comprehensive sustainability and
risk management strategy.

5.3.1 Systematic Literature Review

A SLR is employed as a method for structured and transparent data gathering and
assessment from existing literature [510]. While SLRs are typically used for synthe-
sizing knowledge in established fields [353, 511], our study utilizes it to establish a
foundational understanding of sustainability criteria for supplier evaluation from
the existing literature. This provides a comprehensive academic baseline, crucial for
addressing the nascent research that links these criteria with the business practice
and LkSG, bridging the current gap in their practical application for suppliers with
heightened human rights and environmental risks. This systematic identification
and assessment of the available literature lay the theoretical groundwork for our
subsequent empirical investigation into business practice. Consequently, this section
examines the sustainability criteria in the literature for supplier evaluation through
a systematic review and structured content analysis.

Following a framework ensures that the review is conducted rigorously, enhancing
both the transparency and applicability of the research [353, 510]. Therefore, a four-
phase literature review process is conducted, following the framework of Seuring
and Gold [510] with the following phases: 1) collection of materials, 2) descriptive
analysis, 3) definition of categories, and 4) evaluation of the materials. For a more
comprehensive result, we used the two major databases of peer-reviewed articles:
Elsevier’s Scopus (Scopus) and Clarivate Analytics’ Web of Science (WoS) for the SLR.

64



5 Sustainable Supplier Evaluation under Due Diligence Acts

Both databases are currently recognized as the primary sources for bibliographic data
searches in academia [512, 513]. The screening factors of the reviewed literature were
determined (see Table 5.1), the sample was collected, and the articles were selected
and analyzed following the first research question. Relevant data were identified
using the search string topic (“supplier evaluation” OR “supplier selection” OR
“supplier assessment” OR “supplier performance”) AND (sustainab* OR “ESG” OR
“environmental” OR “social”) AND (criter* OR factor*). By combining keywords with
the Boolean operator AND, we identified articles that discuss supplier evaluation
and sustainability criteria. The OR operator was used to include synonym terms for
supplier evaluation, sustainability, and criteria. A broad word stem was used to avoid
bias and ensure a comprehensive sample. All articles included in this study were peer-
reviewed, written in English, and published between 2017 and 2024. The year 2017
was selected to capture the latest advancements and trends in the field. According
to the studies by Tasdemir and Gazo [514] and Rashidi et al. [29], publications in
the field of sustainability in supply chains fundamentally increased in 2017, making
it a suitable starting point for our analysis. Articles that focused solely on MCDM
methods without addressing sustainable supplier evaluation criteria, as well as those
limited to literature reviews, were excluded from our analysis (see Table 5.1). This
exclusion aligns with the objective of our study, which is to provide a comprehensive
examination of sustainability criteria in supplier evaluation. To ensure the relevance
of the identified criteria, we included only those studies that explicitly addressed
sustainability criteria in the context of supplier evaluation.

Table 5.1: Overview of sample selection.

Screening
factors

Description Number of
remaining

Articles

Search string (“supplier evaluation” OR “supplier selection” OR
“supplier assessment” OR “supplier performance”)
AND (sustainab* OR “ESG” OR “environmental” OR
“social”) AND (criter* OR factor*)

418

Inclusion
criteria

Peer-Reviewed articles, English, year 2017–2024

Exclusion
criteria

Multi-criteria decision-making methods, literature
review only

Removing
duplicates

354

Manual
screening

Titles and abstracts 62

Manual
screening

Full articles 36

This approach was necessary because MCDM studies (e.g., 515, 516) often adopt
criteria from a single source or use criteria without transparency regarding their
selection method, which can introduce bias and compromise the robustness of our
findings. However, some MCDM studies (e.g., 490, 517) focus on sustainability criteria.
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Therefore, we designed our search string to also capture articles that address both
MCDM approaches and sustainability criteria to avoid overlooking relevant studies
that contribute valuable findings for our study. Using the search string, we identified
252 articles on Scopus and 166 articles on WoS, in total 418 articles in September
2024. After removing duplicates, 354 articles remained. These remaining articles
were manually screened based on their titles and abstracts to ensure they addressed
sustainability criteria for supplier evaluation. In the last step, the final sample (n=36)
was fully manually analyzed to retrieve the identified sustainability criteria.

5.3.1.1 Descriptive Analysis

This section presents the descriptive characteristics of the reviewed literature, with
publication dates ranging between 2017 and 2024 (see Figure 5.2). The articles were
published in 24 different journals, spanning various disciplines and geographical
contexts. 19% of the articles were published in the Journal of Cleaner Production,
followed by the journal Sustainability with 11%, and 6% each in the Environment,
Development and Sustainability and Journal of Financial Management and Property and
Construction. Most journals published only one article, collectively accounting for
over half of the total publications (see Table 5.2). Figure 5.2 illustrates that the peak
of the publications occurred in 2021.

Table 5.2: Journal distribution.

Journal Number of articles
Journal of Cleaner Production 7
Sustainability 4
Environment, Development and Sustainability 2
Journal of Financial Management of Property and Construction 2
Mathematics 2
Others 19

Figure 5.2: Articles published per year.
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5.3.1.2 Categorization and Validation of the identified Sustainability Criteria

We identified the sustainability criteria from the final sample of the SLR without
distinguishing between main criteria and sub-criteria, as no uniform standard in
literature exists (see Section 5.2.2). We then grouped all the identified criteria derived
from logical relationships and coherence and then developed a main criterion for each
group. Afterwards, we categorized the main criteria with their sub-criteria within the
three dimensions of the TBL (see Section 5.4.1). Subsequently, we sought approval
from five academic experts in sustainable supply chain management for both the
categorization within the dimensions of the TBL and the alignment of sub-criteria
with the main criteria, aiming to mitigate any potential bias. To enhance meaning
and clarity, we designed a leading question for each sub-criterion. The allocation to
the three dimensions was not predetermined and had to be assigned by the experts.
While we initially assigned the sub-criteria to the main criteria, the experts had the
option to modify these assignments as well.

In the next step, the criteria were selected in accordance with the number of
articles that identified each criterion. Thereby, equal significance is attributed to
all criteria, regardless of whether they are main or sub-criteria categorized by us.
Subsequently, we calculated a total count for each main criterion by summing the
number of its associated sub-criteria with the number of times the main criterion itself
was mentioned. This total count was then used to determine a percentage weight-
ing for each main criterion within its respective sustainability dimension. Finally,
for each dimension, we selected the five main criteria with the highest percentage
weighting (see Section 5.4.1).

5.3.2 Expert Survey

This study aims to align the most relevant sustainability criteria from the literature
with practical applications through an anonymous online survey conducted with
selected company experts. In addition, we investigate whether companies apply
further sustainability criteria that were not considered in the literature. Therefore,
we exclusively involved experts who work in companies across various industries in
Germany that are subject to LkSG and are engaged in supplier evaluation.

Involving experts from diverse industries allows us to identify the main sus-
tainability criteria used across different sectors. While the specific risks and their
surface-level manifestations may vary, the structural challenges, particularly those
at the origin of the supply chain, are fundamentally consistent [518, 519]. This ap-
proach ensures that our study develops a comprehensive and adaptable framework
for sustainable supplier evaluation in the context of LkSG that is not limited to
a specific industry.

We used LinkedIn to identify experts who have professional experience in evalu-
ating suppliers, based on their position and company. For the position, we selected
experts in procurement, supply chain management, and sustainability. Regarding
the company, we did research if the company falls under LkSG by identifying the
number of employees, since all companies with more than 1,000 employees fall under
it (see § 1, para 1 LkSG). If the company was obliged under LkSG and the expert’s
profile fit, we contacted the expert by a personal message, where we first described
the background and goal of the survey and then asked if they are willing to take part
in it. When they replied positively, we sent them a link to our online survey. Before
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engaging with the experts, we conducted a pretest of the online survey with both
expert and non-expert participants to ensure clarity and functionality.

The survey is structured into six parts. The first part introduces the study to
the experts. The second part collects general information and includes a screening
question to ensure the suitability of the respondents. This question was designed
to confirm that the expert works in procurement, supply chain management, or
sustainability and is actively involved in supplier evaluation. Experts who answered
yes could proceed with the survey and were then asked for general information,
including their company’s industry, their role, and their years of experience.

In the third part, we asked experts to identify the product groups and countries
where their company faces heightened human rights and environmental risks. The
purpose of this section was twofold: first, to obtain an overview of these heightened
risk areas across the participants, and second, to make the experts aware of their
company’s specific risks, which they were asked to keep in mind when assessing
the criteria in the subsequent sections.

The fourth and fifth parts constitute the main body of the survey. In these sections,
experts were asked to assess 15 main sustainability criteria and two correspond-
ing sub-criteria, which were identified from our SLR (see 5.4.1). To facilitate this
assessment, leading questions were included to place experts in specific scenarios
and to enhance their understanding of each criterion. Using a five-point Likert scale
(no relevance, very low relevance, low relevance, high relevance, and very high
relevance), the experts had the option to evaluate each main criterion. This catego-
rization aligns with the Content Validity Index, which is a crucial metric used in
research and measurement development to assess the relevance and clarity of items
in an instrument like a survey [520, 521]. The distinction between the fourth and
fifth parts is that in the fourth part, experts assessed the criteria based on product
groups with heightened human rights and environmental risks, while in the fifth
part, they assessed the criteria based on countries. This separation was implemented
to account for companies that may differentiate their criteria based on either the
product category or the country. If a company did not make this distinction, experts
were asked to assess the criteria only once for both parts. For each assessment, a note
was included to remind the expert to consider the heightened-risk product groups
and/or countries they had identified in the third part.

After assessing the criteria in the fourth and/or fifth part, experts were also
given the opportunity to identify additional criteria not mentioned in the literature.
Furthermore, experts were asked if certifications and/or scores play a role in their
supplier evaluation and, if so, which specific ones.

Upon the completion of the expert survey, the results were analyzed based on the
responses. For each criterion, we calculated the percentage weights for each of the
five Likert scale points. To validate these findings, the median was also calculated for
each criterion’s Likert scale evaluations. The findings are presented in Section 5.4.2.

5.4 Analysis and Results

This section presents the analysis and findings of the SLR and the expert survey.
Section 5.4.1 identifies the most relevant sustainability main-criteria from the liter-
ature. Subsequently, Section 5.4.2 presents the results of the expert survey, which
aims to link these theoretical insights with practical applications. These findings
will be discussed in Section 5.5.
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5.4.1 Systematic Literature Review

In the course of the SLR, we identified a total of 137 sustainability criteria. As ex-
plained in Section 5.3.1.2, we did not distinguish between main and sub-criteria
when identifying the criteria. These criteria were clustered, resulting in the forma-
tion of 41 main criteria. These main criteria were subsequently categorized within
the dimensions of the TBL. Notably, nearly half of the main criteria fall under the
economic dimension, followed by the environmental dimension, which constitutes
approximately 30%, and the social dimension, which has the smallest share at around
20%. Table 5.3 represents the most relevant main sustainability criteria for supplier
evaluation, as identified in the existing literature. For each main criterion, we have
identified and listed the two most significant sub-criteria according to the literature.
In addition, for each main criterion, we formulated a leading question to enhance
clarity and understanding (see Table 5.3).1 According to our analysis of the SLR,
the most relevant sustainability criteria for evaluating sustainable suppliers are as
follows. For the economic dimension, the most relevant main criteria identified are
cost, delivery, quality, flexibility, and management and reporting. Together, these
criteria account for over 60% of all identified main economic criteria, determined by
their weighted proportional values. For the environmental dimension, the relevant
main criteria are green material and resources, green management and reporting,
pollution, and waste, which together constitute over two-thirds of all main criteria
in the environmental category. In the social dimension, the criteria include working
conditions, health and safety, service, stakeholder, and community, which represent
over 84% of the total main social criteria. Interestingly, human rights, including is-
sues such as child and forced labor, rank sixth with a weighting of less than 8% of
the total main social criteria.

In this study, we adhere to the concept of main and sub-criteria and focus on the
most relevant main criteria in the analysis. By prioritizing these main criteria, we
aim to provide a clearer understanding. Nevertheless, it is also interesting to look
at all the criteria without our categorization into main criteria and sub-criteria. The
five highest-weighted criteria are quality, closely followed by green design, emission,
environmental management system, and delivery time. Cost ranks sixth. It is note-
worthy that among the top five highest-weighted criteria, no social criteria appear.
The highest-weighted social criterion, health and safety, ranks seventh. This further
highlights that social aspects are currently given less importance in the literature
compared to economic and environmental aspects.

1During the validation of the main and sub-criteria by academic experts, we deliberately formulated
a leading question for each sub-criterion in order to better validate the assignment to the main criterion.
As this assignment has already been determined and we are primarily concerned with the main criteria
in this study, we developed a leading question only for each main criterion.
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5.4.2 Expert Survey

The survey was conducted from February 2025 to March 2025. A total of 170 experts
were personally approached, with a response rate of 20.6% (n=35). We received expert
responses from 11 different industries, with nearly 80% coming from the four sectors:
plant and mechanical engineering, automotive, electronics and electrical engineering,
and chemicals and pharmaceuticals (see Figure 5.3). Out of the surveyed experts,
25% are sustainability specialists, 14% are purchasing managers, and 11% each are
strategic buyers and project buyers. More than 69% of the experts have over 6 years
of professional experience in the fields of supply chain management, sustainability,
and/or procurement (see Table 5.4).

Figure 5.3: Branch distribution of survey experts.

We asked the experts about their own product groups and supplier countries
that pose heightened human rights and environmental risks. This was intended to
create a scenario for the respondents to consider when evaluating the criteria. A total
of 87 different product groups were specified, ranging from aluminum, electronic
components, circuit boards, and palm oil to various cables. For better clarity, since
companies often define product groups very specifically, we grouped the specified
product groups according to the CSR Risk Check [528], which is provided free of
charge. This resulted in 17 categories to enhance the overall overview. While this
classification is quite broad, it is sufficient for this study as it is intended to provide
a general snapshot. Two-thirds of the highest human rights and environmental risk
categories of the surveyed companies involve metal goods (48%), manufactured
goods (13%), and rubber goods (6%). For supplier countries with heightened human
rights and environmental risk, a total of 37 different countries were specified, with a
few experts indicating entire continents such as Africa and Asia. More than one-third
of the most frequently mentioned supplier countries with heightened risk are China
(about 15%), followed by India (approximately 13%) and Brazil (around 6%). Among
the continents, Asia is the most risk-prone, accounting for half of the mentions,
followed by Africa and South America.

The five most relevant used criteria for evaluating suppliers with heightened
risk due to product group and country can be clearly identified. While 43% of the
surveyed companies distinguish between product group and country when applying
these criteria, the set of the five most relevant criteria remains unchanged; only the
weighting differs. While the ranking of the top five criteria rated as very high relevant
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varies depending on the weighting, the overall analysis (see Table 5.5) indicates that
quality is assigned the highest relevance, followed by delivery, working conditions,
cost, and health and safety. Notably, three of these five main criteria pertain to the
economic dimension, while the remaining two fall within the social dimension. In-
terestingly, none of the top five main criteria in practice are from the environmental
dimension. In the overall analysis, based on the expert’s assessment of the product
group and country, Table 5.6 presents the five main criteria by dimension, including
the weighting provided by experts. The main criteria community and service were
rated as having low relevance in the overall assessment. However, among companies
that differentiate between product groups and countries in their evaluation, com-
munity remained of low relevance when evaluating based on the supplier country,
whereas service was considered as relevant. All other main criteria were generally
rated as having high relevance.

Table 5.4: Distribution of experts by
years of experience.

Years of experience Number of experts

0–5 11
6–10 9
11–15 4
16–20 7
21+ 4

Table 5.5: Main criteria identified by ex-
perts as most relevant.

Main criteria Overall weight

Quality 88%
Delivery 75%
Working conditions 70%
Cost 67%
Health & safety 59%

Beyond assessing the predefined criteria, experts were asked whether any addi-
tional criteria, not identified in literature, are used in practice. In response, experts
mentioned a total of 39 distinct items, which primarily consisted of evaluation in-
struments rather than additional criteria. 30% of the most frequently mentioned
instruments include the supplier code of conduct, EcoVadis Score, and certifications. For
companies that differentiate between product groups and country, there was no
distinction in this regard.

As observed with the additional criteria, certifications, and scores also play a
significant role in the evaluation of suppliers facing heightened human rights and en-
vironmental risks. Nearly 95% of the companies surveyed indicated that certifications
or scores are considered in their assessment process. In total, 30 different certifications
and scores were mentioned, with ISO 14001 (environmental management systems)
being the most frequently cited (approximately 21%), followed by the EcoVadis Score
(around 14%) and the IntegrityNext Score (about 9%).

Table 5.6: Relevance of sustainability criteria for supplier evaluation, based on sur-
veyed experts.

Environment Economic Social

Green material & resource (58%) Quality (88%) Working conditions (70%)
Green management & reporting (56%) Delivery (75%) Health & safety (59%)
Waste (54%) Cost (67%) Stakeholder (54%)
Pollution (46%) Flexibility (56%) Community (44%)
Recycling (46%) Management & reporting (50%) Service (33%)
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5.5 Discussion

In this section, we discuss the results of our SLR and expert survey by synthesizing
them with each of the three dimensions of sustainability. We align these findings
with LkSG and provide recommendations for the main sustainability criteria for
evaluating suppliers with heightened human rights and environmental risks.

5.5.1 Findings from Systematic Literature Review and Expert Survey

Economic Dimension
Our SLR revealed that the economic dimension remains the most prevalent in

academic discourse on sustainable supplier selection, accounting for nearly half of all
identified criteria. This finding is consistent with prior research by Ageron et al. [488]
and Rashidi et al. [29], which also highlight the dominance of economic factors.

Interestingly, our expert survey corroborates this academic emphasis, showing
that economic criteria continue to hold significant weight in practice. The survey
data reveals that quality (88%) and delivery (75%) were ranked as the top two most
relevant criteria for supplier evaluation, with cost (67%) also cited among the top five
(see Table 5.6). This finding highlights a potential gap between the growing discourse
on sustainability and the enduring prioritization of traditional economic metrics
within the industry. It suggests that economic performance may still be prioritized
over environmental and social considerations in supply chain management, which
points to an imbalance among the three dimensions of sustainability.

Environmental Dimension
In the academic literature, the environmental dimension accounts for approxi-

mately 30% of the sustainability criteria identified in our SLR, which is similar to
the findings of Ageron et al. [488] and Rashidi et al. [29].

In contrast, our expert survey revealed a notable imbalance: none of the top
five criteria cited by practitioners stemmed from the environmental dimension.
This is a critical finding, as it highlights a significant disconnect between academic
emphasis and practical application. This could be due to the early academic research
centered on concepts like green supply chain management [446, 529] before the
scope broadened to fully include social dimensions [482, 530]. The prevalent focus
on the environment can be attributed to its dimensions being more tangible and
readily quantifiable compared to those in the social dimension [531, 532]. The
specific regulatory context of LkSG likely influences this imbalance. Although LkSG
addresses both human rights and environmental protection, its legal requirements
for the latter are less comprehensive. Consequently, companies subject to this act
might have become more sensitive to social criteria, which could currently shift their
prioritization away from environmental factors.

Social Dimension
Based on our SLR, we find that the social dimension is the least represented in the

academic literature, accounting for only about 20% of the criteria. This is consistent
with previous studies that often rank social factors last [474, 495].

However, our expert survey presents a compelling counter-narrative. Within
LkSG context, social criteria like working conditions (70%) and health and
safety (59%) were ranked among the top five most relevant in practice. This finding
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indicates a significant shift, where the legal obligation to protect human rights under
LkSG directly elevates the importance of social criteria, making them a priority for
companies. It is important to emphasize that we exclusively surveyed experts from
companies subject to LkSG. This means that these companies have been required
to implement LkSG for at least one or two years, making them more attuned to
sustainable supplier evaluation.

Tools in Practice
Besides the sustainability criteria, practitioners highlighted the use of instruments

not frequently mentioned in the literature, such as sustainability ratings (e.g., Eco-
Vadis), supplier codes of conduct, and certificates. These tools are crucial for convey-
ing expectations and monitoring compliance, directly supporting the due diligence
requirements under LkSG. This shows that the legal framework is not only shifting
priorities but also influencing the practical tools and methods used for supplier selec-
tion. While these tools serve to verify compliance and build stakeholder trust, their
effectiveness is a subject of ongoing debate in the academic literature, particularly
concerning the potential for a checkbox mentality and the risk of green-washing [533,
534]. Therefore, these ratings and certifications should be used critically, serving as a
support for, rather than a replacement for, comprehensive supplier evaluation.

5.5.2 Alignment with LkSG: Recommendation for Sustainability Criteria

Building upon the sustainability criteria for supplier evaluation identified in the
preceding SLR and through the expert survey, this section critically examines their
alignment with LkSG. This legal review is paramount to ensure that the identi-
fied sustainability criteria comprehensively address all mandated human rights and
environmental protection areas. Given that LkSG is a relatively recent legislative
development and the extent of its practical implementation and understanding across
companies is still evolving, this validation is essential. Therefore, to foster a sus-
tainable supply chain and ensure compliance with LkSG, companies must integrate
human rights and environmental expectations into their criteria when evaluating
and selecting their direct suppliers [9].

As highlighted earlier, the primary focus of LkSG is the protection of human
rights. The legal text specifically addresses the following human rights issues: child
labor, forced labor, slavery, occupational safety and health obligations, freedom of
association, unequal treatment in employment, withholding adequate living wage,
cause of harmful soil change, water and air pollution, harmful noice emissions, or
excessive water consumption, unlawful eviction, deployment of security forces to
protect business project with violation [9]. It is noteworthy that neither the five most
relevant criteria through the SLR nor those applied in practice consider human rights
criteria, such as child labor, forced labor, slavery, and freedom of association, as
highly relevant. Our SLR ranks human rights sixth within the social dimension,
with a weighting of under 8%. Across all dimensions, its weighting is less than 2%.
However, these are critical criteria for evaluating suppliers with heightened risk, par-
ticularly in the context of LkSG requirements. Therefore, we recommend establishing
a main criterion of human rights with sub-criteria, including child labor, forced labor,
slavery, freedom of association, the use of security forces to protect business projects,
and excessive water consumption. Even though human rights were not explicitly
mentioned in practice, this main criterion is covered within the framework of sustain-
ability ratings. The two sustainability rating providers [535, 536] mentioned by the
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surveyed experts focus not only on human rights but also on the broader spectrum
of environmental, social, and governance factors. Ultimately, companies using these
scores gain a comprehensive overview, not only of human rights but also of all aspects
of the environmental, social, and governance performance of the suppliers being
evaluated. Therefore, it cannot be assumed that the issue is entirely overlooked in
practice, even if it is not explicitly listed as a criterion. Nonetheless, we recommend
incorporating human rights as one of the most relevant criteria by establishing it
as a distinct main criterion. For the other human rights issues addressed in LkSG,
we do not propose additional main criteria, as they can be assigned to the existing
main criteria outlined in Table 5.3. In this study, we assign occupational safety and
non-discrimination in employment, as referenced in LkSG, to the main criteria health
and safety and working conditions, respectively. Similarly, harmful noise emissions are
categorized under health and safety, while unlawful evictions fall under community.
With regard to environmental protection, the aspects mentioned in LkSG correspond
to the main criteria green materials and resources, pollution, and waste and are thus
already among the relevant criteria in the literature and practice.

In summary, based on our SLR, we identified the five most relevant sustainability
criteria for each dimension. This selection was based on the frequency with which
each criterion was identified in the literature, which we then used to perform a
percentage weighting to establish an initial set of main criteria (see Table 5.3). Next,
we validated these criteria with an expert survey. As described in Section 5.3.2,
experts assessed the 15 criteria using a five-point Likert scale, and we analyzed their
responses (see Table 5.6). Finally, we aligned the results with the requirements of the
LkSG. To ensure alignment with the LkSG’s emphasis on human rights, we integrated
this crucial social main criterion into our final framework and consequently removed
the service criterion, which was identified as the least relevant (33%) based on our
expert survey. This comprehensive process, combining insights from the SLR, expert
validation, and legal alignment, allowed us to propose the most relevant sustainability
criteria for evaluating suppliers with heightened human rights and environmental
risks, as presented in Table 5.7.

Table 5.7: Most relevant main sustainability criteria and instruments for supplier
evaluation.

Environment Economic Social

Green material & resource Quality Working conditions
Green management & reporting Delivery Health & safety
Waste Cost Stakeholder
Pollution Flexibility Community
Recycling Management & reporting Human rights

Further recommended instruments:
Supplier code of conduct
Sustainability rating scores
Certificates

This proposed framework offers implications for practitioners. The holistic sup-
plier evaluation framework, which balances the economic, environmental, and social
dimensions of sustainability, serves as a guide for companies. By adopting these
criteria, companies can not only ensure compliance with LkSG, but also proactively
mitigate supply chain risks and enhance their corporate social responsibility. To move
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beyond a checkbox mentality, top management must be actively involved and view
sustainability not as a compliance task but as a source of long-term value. This re-
quires integrating it into the company’s core strategy and business processes [537,
538]. Furthermore, building stronger supplier partnerships and investing in sup-
plier development are essential for establishing authentic sustainability practices
throughout the supply chain and enhancing the organization’s overall sustainability
performance [539, 540].

At first glance, a narrow focus on LkSG might suggest an unbalanced assessment
of supply chain risks, with human rights taking precedence over environmental
concerns. However, this view is incomplete for two reasons. First, the due diligence
obligations within LkSG itself demonstrate that human rights and environmental
risks are highly interlinked. For example, the law protects against harmful soil degra-
dation or water pollution that denies communities access to safe food and drinking
water [9], framing an environmental problem as a human rights violation. Second, or-
ganizations in Germany operate within a broader and evolving European regulatory
landscape that extends beyond LkSG. For instance, the EU Deforestation Regulation,
which takes effect in December 2025, mandates strict due diligence for commodities
linked to deforestation [119]. Similarly, the European Corporate Sustainability Re-
porting Directive obliges companies to report holistically on both environmental and
social impacts across their value chains, e.g., including upstream and downstream
emissions [255]. When viewed in this wider context, LkSG is one piece of a larger
regulatory puzzle that pushes for a more comprehensive risk assessment. Never-
theless, looking at LkSG in isolation, we argue that its framing could be enhanced.
Policymakers should consider evolving legislation to give environmental due dili-
gence the same explicit legal weight as human rights mandates, thereby clarifying
and strengthening their interconnection.

5.6 Conclusion

This study examined the most relevant sustainability criteria and instruments for
supplier evaluation within the framework of LkSG. To achieve this, we conducted
an SLR to identify the most relevant sustainability criteria from the literature, which
were then evaluated by experts to determine their relevance in practice and to assess
whether additional criteria or instruments are being utilized. Despite the increasing
focus on sustainability in the literature, two significant gaps remain unaddressed:
(1) a comparison between the criteria discussed in the literature and those applied
in practice, and (2) the identification of the most relevant sustainability criteria and
instruments that should be applied when evaluating suppliers with heightened
human rights and environmental risks in the context of due diligence acts.

Derived from our SLR, the study categorizes 41 main criteria within the TBL
dimensions, with nearly half classified under the economic dimension, followed by
environmental (30%) and social (20%). Expert survey results indicate that the most
relevant criteria in practice are quality, delivery, working conditions, cost, and health
and safety. Notably, among the five highest-rated main sustainability criteria, only
economic and social dimensions are represented, while environmental aspects are
absent. This suggests a shift in focus compared to the literature, where environmental
considerations are more prominent.

Overall, the main criteria identified in the SLR align with practical applications
in the environmental and economic dimensions. Furthermore, the environmental
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requirements of LkSG are implicitly covered within the five main environmental
criteria we created through the results of the SLR. Regarding the social dimension,
we recommend emphasizing human rights, working conditions, health and safety,
stakeholders, and community as the most relevant main criteria. Interestingly, human
rights did not emerge among the top five social criteria in either the SLR or the expert
survey. Moreover, instruments like supplier code of conduct, sustainability ratings,
and certifications are frequently applied in practice, reinforcing the recommendation
to incorporate them into supplier evaluations. These insights provide a foundation
for companies to refine their supplier evaluation frameworks, ensuring compliance
with due diligence regulations while fostering a more sustainable supply chain.

Theoretically, this study reinforces the TBL framework in high-risk contexts.
Specifically, the study empirically shows that balancing people, planet, and profit is
non-optional in supply chains facing heightened human rights and environmental
risks. Legal mandates force companies to prioritize people and planet, shifting the
traditional dominance of profit-first decision-making. The study implies a need for
greater transparency in corporate governance regarding the trade-offs inherent in
profit maximization and more effective regulatory approaches that acknowledge the
reality of profit prioritization. This research contributes to ongoing debates on the
role of business in society, highlighting the tensions between profit-seeking behavior
and societal objectives. This deepens balancing the TBL prioritization of sustainability
criteria for supplier evaluation in the context of due diligence acts, using LkSG as
an example from academic and practitioners’ perspectives.

Additionally, this study makes two key contributions to the existing literature.
(1) Unlike previous research that primarily focused on general sustainability criteria
for supplier evaluations, this study specifically examines suppliers with heightened
human rights and environmental risks in the context of due diligence regulations, par-
ticularly through the lens of LkSG. (2) This study also offers a valuable business prac-
tice perspective of the applied sustainability criteria and instruments for supplier eval-
uation in the context of due diligence acts, bridging the gap between academia and
practice, thereby enriching the literature with insights from real-world application.

This study exclusively surveyed experts from companies subject to LkSG, with
a sample of 35 companies. This represents only a fraction of the companies affected
by LkSG, highlighting the need for future quantitative research to provide deeper
insights. It also focused on selected literature that fell into the inclusion and ex-
clusion criteria, ignoring other potential articles related to the subject. Given that
LkSG is relatively new and does not explicitly prescribe supplier evaluation criteria,
companies may need time to reassess their most relevant criteria, suggesting that a
follow-up study over time would be valuable. Additionally, while this study focused
on LkSG’s due diligence requirements, future research should explore similar acts
in other countries. Our study also did not differentiate between industries, and fur-
ther investigation into industry-specific criteria would be insightful. The study only
briefly addressed sustainability ratings and certifications; therefore, future research
should critically examine their impact. This is crucial for both practice and academia
to determine if those tools drive sustainable performance improvements or simply
contribute certification fatigue and checkbox mentality. To bridge the gap between
scholarly and practical perspectives, future research could focus on understanding
and linking both. For example, using case studies to test theoretical frameworks
in real-world situations would help to identify discrepancies [541]. Furthermore,
industry interviews could be used to understand the perspectives of professionals
and connect them to theoretical constructs [542]. Lastly, we emphasize that future
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research on sustainable supplier evaluation must move beyond static assessments to
design studies that can quantitatively and qualitatively measure its enduring effects
on supply chain environmental and social performance, without overlooking intangi-
ble measures of the social dimension. This is crucial because a significant gap exists
in understanding the social dimension of sustainability, especially in developing
economies where issues are contextual and dynamic [543, 544].

Overall, despite these limitations, this study offers valuable insights into the most
relevant sustainability criteria for evaluating suppliers with heightened human rights
and environmental risks in the context of due diligence acts in supply chains. It
bridges the gap between real-world applications and existing literature, providing
a solid foundation for future research in this rapidly evolving field.
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CHAPTER 6

Final Conclusion

This cumulative dissertation examined sustainable supply chains at the intersection of
IT and regulation through three published articles. This research provided integrated
insights into how blockchain technology and due diligence regulations, particularly
LkSG, affect sustainability in supply chains. Findings demonstrate that neither tech-
nology nor regulation alone provides complete solutions; their effectiveness depends
in particular on implementation context and stakeholder inclusion. The dissertation
advances theoretical understanding while offering practical guidance for companies,
policymakers, and technology developers.

Article 1 demonstrates that blockchain technology has the technical potential to
enable transparency in agricultural supply chains, thereby preventing fraud against
smallholder farmers. The open-source framework Hyperledger Fabric with an SMS-
based approach in Ghana’s cocoa sector shows that inclusive design requires under-
standing users’ constraints, not merely scaling down existing solutions. Technology’s
value depends on addressing inclusion challenges; without deliberate support for
smallholder farmers, digital solutions risk creating new forms of exclusion rather
than empowerment. Technology adoption in supply chains must be analyzed through
the lens of digital inclusion, not just technical feasibility.

Article 2 reveals a critical limitation of the LkSG design: the tier-1 supplier fo-
cus creates an enforcement gap for upstream supply chain actors, and not all risks
addressed by the LkSG are relevant for cocoa smallholder farmers, given their dis-
tinct socio-cultural norms and values. Furthermore, LkSG is unlikely to produce
meaningful effects on smallholder farmers in the short- to medium-term due to its
design. Positive impacts are more likely in the long-term through voluntary com-
pany efforts beyond the legal minimum and through NGO intervention triggering
substantiated knowledge requirements.

Article 3 suggests a framework of the most relevant sustainable criteria to evaluate
suppliers with heightened human rights and environmental risks, integrating aca-
demic knowledge, practitioner experience, and regulatory mandates. By combining
an SLR with an expert survey of practitioners subject to the LkSG, the article reveals a
misalignment between academic research and business practice: while literature em-
phasizes economic and environmental dimensions, practice prioritizes economic and
social dimensions, with human rights criteria historically underrepresented in both.

The three articles collectively demonstrate that sustainability mechanisms face
what might be termed an inclusion deficit, a systematic gap between those for whom
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these mechanisms are designed and those they effectively reach in practice. A pattern
that, while manifesting differently across domains, remains consistent. In IT, the
deficit emerges from infrastructure and capability barriers that prevent meaningful
participation by those with limited resources. In regulation, this disconnect stems
from the structural scope of due diligence laws such as the LkSG, which often place
the most vulnerable actors outside their direct reach. In supplier evaluation, it reflects
historical research priorities and organizational pressures that marginalize certain
dimensions despite their legal and ethical centrality. What unites these patterns is
that inclusion deficits are not random implementation failures, but structural features
reflecting how power, resources, and voice are distributed in supply chains. The
dissertation thus argues that addressing sustainability in supply chains requires not
only better IT or stronger regulations, but also ensuring that the actors affected are
included and able to benefit.

6.1 Theoretical and Practical Contribution

Each article in this cumulative dissertation presents detailed contributions within its
respective section. This section synthesizes these contributions at a higher level of
abstraction to demonstrate how the three articles advance knowledge and practice
within sustainable supply chains.

In Articles 1 and 2, the dissertation employs a consistent analytical stance that
centers the perspective of vulnerable actors at the origin of supply chains rather
than that of focal companies. This origin-centric perspective challenges a pervasive
assumption in sustainability research: that mechanisms designed from a focal com-
pany’s or developed country’s perspective will automatically benefit upstream actors.
By centering the analysis on the realities of smallholder farmers, the dissertation
reveals blind spots that remain invisible under focal company-centric views. In a
complementary analysis, Article 3 addresses suppliers with heightened risks, who
are typically the vulnerable actors at the lower-tiers of supply chains. Rather than
centering their perspective as in Articles 1 and 2, however, it examines how focal
companies in developed countries can evaluate these suppliers in ways that ensure
compliance with legislative requirements.

This dissertation highlights how sustainability interventions often fail due to
structural misalignment: IT may be feasible yet inaccessible in practice; regulations
may be legally sound yet practically unreachable for vulnerable supply chain ac-
tors; and evaluation criteria may be academically validated yet disconnected from
the specific economic and social dimensions required for legal due diligence. More-
over, it provides researchers with transferable methodological approaches. While
grounded in specific empirical contexts, these approaches remain adaptable to diverse
commodities, regulatory environments, and supply chains.

Beyond methodology insights, the dissertation offers directly applicable frame-
works for companies and policymakers. For IT developers and companies implement-
ing supply chain solutions, the research demonstrates how to design for inclusion by
treating user constraints as the foundational starting point rather than as implemen-
tation obstacles. For policymakers, the dissertation clarifies the limits of regulatory
obligations while identifying the pathways through which positive upstream effects
might be achieved. Specifically, for procurement professionals, the work provides a
validated set of sustainability criteria that integrates academic rigor with practical
relevance and regulatory alignment.
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Collectively, these contributions suggest that advancing sustainable supply chains
requires simultaneous attention to technology, regulation, and supplier evaluation.
Each must be designed with explicit consideration of who is included in its reach
and who is excluded from it.

6.2 Limitations and Further Research

Although Section 6.1 synthesized contributions of all three articles at a high level, this
section addresses limitations and future research directions with greater specificity to
the scope of each article. The identified limitations serve to delineate the scope of the
research’s validity while indicating promising directions for future inquiry.

In Article 1, the focus on the Ghanaian cocoa sector limits the direct transferability
of the findings to other commodities, industries, or geographic regions with different
infrastructural conditions. Because the technological analysis focused specifically on
a blockchain solution using Hyperledger Fabric, the results may not transfer to other
digital technologies or different blockchain frameworks. Furthermore, the proposed
solution was not tested through a longitudinal evaluation, which means that the
research demonstrates technical feasibility and initial implementation, but it cannot
yet consider long-term or scaled adoption of the technology. Future research should
therefore focus on monitoring adoption rates over several years to assess the actual
impacts on smallholder livelihoods over time.

Similarly, the examination of a single regulation in Article 2 cannot capture the
full range of due diligence approaches. Different regulatory scopes or enforcement
mechanisms, such as the CSDDD or EUDR, may yield different outcomes for actors at
the origin of supply chains. Additionally, because the perspectives of cocoa smallhold-
ers were accessed primarily through secondary sources, the depth of understanding
regarding their socio-cultural norms and values remains limited. Future research
should involve primary data collection through direct engagement with smallholders
to gather firsthand data. This would allow for assessing whether long-term impacts
truly materialize, or whether structural limitations continue to prevent benefits from
reaching upstream supply chain actors.

The research on sustainability criteria in Article 3 reflects literature published
between 2017 and 2024, meaning earlier studies and more recent developments may
not be fully captured. While the expert survey conducted in 2025 provides a valuable
overview of current priorities, these criteria are likely to evolve as LkSG implementa-
tion matures and companies gain more experience. Furthermore, the survey sample
represents only a fraction of the companies covered by LkSG, indicating patterns
rather than a universal corporate stance. Future research should employ larger and
more diverse survey samples to capture a broader range of industry responses. It
would also be valuable to study how sustainability criteria shift as regulations mature
and as the regulatory landscape continues to change.

Ultimately, while these limitations highlight the inherent complexity of the field,
they provide starting points for future research.
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CHAPTER 7

Closing Remarks on the Topic of Sustainable
Supply Chains

The findings of this dissertation point to a broader tension at the heart of sustainable
supply chains: globalization that has enabled unprecedented economic growth has
also created supply chains so long, fragmented and opaque that ensuring human
rights and environmental protection at lower tiers becomes challenging [1, 96]. The
inclusion deficit identified in this dissertation is not merely a blind spot within specific
IT solutions or regulatory frameworks. Rather, it reflects a structural challenge in
governing economic relationships that span continents, cultures, and regulatory
jurisdictions, one in which the most vulnerable actors tend to be underrepresented.

The protection of human rights and environmental standards across supply chains
has become an increasingly regulated endeavor, one that requires companies to act.
Due diligence legislation such as the LkSG, CSDDD, and EUDR, alongside non-
financial reporting requirements like the CSRD, mark a shift from voluntary commit-
ments to binding legal obligations [7–9, 119, 242]. Yet even this regulatory momentum
comes with uncertainty: the European Commission’s Omnibus has demonstrated that
significant amendments may emerge before regulations are fully applied [256, 545],
creating considerable uncertainty for companies preparing to comply with require-
ments that may change before or shortly after implementation. Nonetheless, legal
compliance, while necessary, does not guarantee that conditions in supply chains
actually improve; it sets a minimum threshold.

Beyond meeting regulatory requirements, the implementation of sustainable sup-
ply chains requires infrastructure investments. While IT is not the primary barrier
at an aggregate level, the reality looks different at the origin of supply chains: in
many producing countries, the technological and organizational preconditions for
meaningful data collection are still lacking, and local circumstances are rarely re-
flected in the systems designed to capture them. At the same time, the infrastructure
is evolving: as sustainability demands information across all tiers, new data providers
and digital tools are emerging to fill the gaps that existing systems were not designed
to address [546–548]. Yet beyond infrastructure, the quality, completeness, and relia-
bility of sustainable supply chain data remains a fundamental challenge [96, 227, 228],
particularly for upstream tiers where information is most scarce yet most critical [96].
Improving this data landscape is one of the defining tasks for the years ahead, as
sustainable supply chain governance can only be as robust as the information on
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which it is built. Decisions based on incomplete or unreliable data risk misidentifying
risks, overlooking violations, or creating a false sense of compliance.

At the strategic level, companies face decisions regarding the structure of sustain-
able supply chains. One response to the challenge of opacity and non-compliance
can be vertical integration into upstream tiers of the supply chain, enabling greater
transparency and control. Vertical integration is not without trade-offs, but it offers
a structural solution to the information asymmetries that undermine due diligence
efforts [549]. A related question concerns the length of supply chains themselves.
Reshoring and nearshoring trends, accelerated by pandemic-related disruptions and
geopolitical uncertainties, are gaining momentum [550, 551], and shorter supply
chains can indeed reduce complexity and improve accountability. However, for com-
modities such as cocoa, coffee, or cobalt, whose extraction or cultivation is geographi-
cally bound, reshoring of primary production is not a viable option. What remains
possible, however, is a structural shortening of supply chains through more direct
sourcing relationships, which can reduce intermediaries and improve transparency
and accountability. The challenge, therefore, is not to retreat from global trade but to
enhance the governance structures of global supply chains in ways that improve trans-
parency, accountability, and the distribution of responsibility across multiple tiers.

Finally, no single company, however committed, can transform sustainable supply
chains alone. Multi-stakeholder initiatives, bringing together companies, govern-
ments, and NGOs, are essential for addressing challenges that exceed the reach of
individual actors [552, 553]. Yet such initiatives must directly address the inclusion
deficit identified in this dissertation: whether those most affected by supply chain
conditions have a genuine voice in shaping the standards that govern them, and
whether the benefits generated reach the vulnerable actors of supply chains or remain
concentrated among those with the power to design and administer the systems.

Achieving truly sustainable supply chains remains a long-term endeavor, but
progress in legislation, corporate practice, IT, and multi-stakeholder governance
shows that the direction is set.
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Appendix A: Detailed SMS Process

Figure 7.1: Detailed SMS process.
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Appendix

Appendix B: List of Sustainability Criteria

This table presents a comprehensive list of sustainability supplier evaluation
criteria identified by the authors cited in Section 5.2.2. The list is unfiltered and
ungrouped to showcase the full variety and total number of criteria from the
literature, providing a foundational overview for our study. The criteria are listed in
alphabetical order for ease of reference.

Table 7.1: List of Sustainability Criteria (Alphabetical Order)

Criteria Sources

Air emissions 29, 503

Air/Water/Land Emission 491

Alternative transportation 501

Availability of supplier support 499

Capacity 148, 495

Carbon footprint 493, 498

Certification 488

Child and forced labor 495

Cleaner technology availability 491

Communication and information systems 502

Community involvement 498

Comprehensive strength 493

Confidence 488

Corporate social responsibility 493, 498

Cost 29, 484, 489, 491, 492, 494, 496, 498,
504

Culture 489

Customer satisfaction 498

Delivery 29, 148, 484, 488–492, 494–496, 498,
499, 502

Development Commitment 504

Dust emission 499

Eco-design 29, 490, 492, 496, 498, 503, 504

Economic 500

Economic dependency 488

Employee welfare 498

Employee’s compensation 498
Continued on next page
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Table 7.1 – continued

Criteria Sources

Employment practice 29, 489–491, 497, 504

Energy consumption 29, 504

Energy management system 490

Environmental and social responsibilities 502

Environmental certifications 492, 498, 504

Environmental competencies 148

Environmental cost 148, 495

Environmental issues 488

Environmental management system 29, 148, 489–491, 495, 496, 498, 500,
503

Environmental performance 497

Environmentally friendly materials 491, 498, 500, 503

Experience 502

Financial capability and position 491, 498

Financial position 504

Financial stability 499, 502

Flexibility 29, 148, 484, 488, 489, 491, 493, 494,
498, 503, 504

Geography proximity 488

Green competencies 497

Green design and purchasing 148, 493

Green image 497, 498, 504

Green innovation 498

Green management 148

Green manufacturing 148

Green monitoring and follow up 498

Green packing and labeling 148

Green products 503

Green R&D and Innovation 148

Green technology 490, 503

Green transportation 503

Green warehousing 503

Hazardous substance management 498
Continued on next page
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Table 7.1 – continued

Criteria Sources

Health and safety 29, 148, 488–491, 493, 495, 497, 498,
500, 503, 504

Human rights 490, 498

Information disclosure 148, 491, 495, 498

Information technology and information system 488

Innovative technologies 501

Innovation level 484, 489

Interests and rights of employees 148, 491, 493, 495

Lead time 148, 504

Local community influence 489, 504

Management commitment 496

Market share 498

Market structure 498

Payment conditions 502

Personal relationships 488

Philanthropy 498

Pollution control 29, 148, 489, 490, 495–499, 504

Pollution production 489, 492

Price 29, 148, 488, 490, 493, 502

Production capability & facilities 504

Production facilities 148, 490, 495

Profit on product 148

Quality 29, 148, 484, 488–496, 498–502, 504

Recyclable raw materials 500

Recycled material 491

Recycling 29, 493, 498

Reduce toxic emissions 501

Regional supplier 501

Rejection rate 494

Relationships 488, 489

Reliability 488, 491

Repair Service 490

Reputation 498

Reputation and position 499, 502, 504
Continued on next page
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Table 7.1 – continued

Criteria Sources

Resource consumption 489, 491–493, 498

Resource’s life cycle 501

Responsiveness 498

Rights of stakeholders 148, 490, 492, 493

Safety culture 492

Sensitivity to political situation 499

Service 488, 491, 493, 498, 499

Service of product 148

Size 488

Social commitment 491

Social influence 492

Social responsibility 29, 488, 490, 499

Staff training 498

Stakeholder empowerment 498, 499

Stakeholder influence 489, 490

Strategic stock 499

Supportive activities 503, 504

Technical capability 490

Technology 489, 492, 493, 496, 498, 499

Technology capability 29

Technology & financial capability 148

Transportation cost 148

Waste disposal 493

Waste management 148, 501

Warranties and claim policies 502

Water consumption 499

Workers’ rights 503
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Căpus, neanu, Sorinel; Breaz, Teodora Odett; Stănescu, Sorina Geanina;
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[513] Pranckutė, Raminta. Web of Science (WoS) and Scopus: The Titans of Biblio-
graphic Information in Today’s Academic World. In: Publications 9 (1), 2021,
12. DOI: 10.3390/publications9010012.

[514] Tasdemir, Cagatay; Gazo, Rado. A Systematic Literature Review for Better
Understanding of Lean Driven Sustainability. In: Sustainability 10 (7), 2018,
2544. DOI: 10.3390/su10072544.

[515] Guo, Sen; Zhao, Haoran. Fuzzy best-worst multi-criteria decision-making
method and its applications. In: Knowledge-Based Systems 121, 2017, 23–31. DOI:
10.1016/j.knosys.2017.01.010.
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