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Abstract

Cote d’Ivoire, the leading global producer of cocoa, faces increasing pressure to modernize its
cocoa supply chain in line with sustainability regulations and market transparency demands.
Despite numerous pilot initiatives by major exporters and NGOs, the national sector remains
highly fragmented, analog, and inequitable, with limited farmer inclusion and poor institutional
coordination. This thesis investigates how digital traceability can be effectively and equitably
implemented in Cote d’Ivoire’s cocoa sector to enhance transparency, ethical sourcing, and
compliance with emerging international trade standards.

The research applies a mixed-methods approach. A review of global traceability tools and case
study benchmarking identifies key success factors and gaps. A simulated stakeholder survey
models digital readiness and adoption willingness among farmers, cooperatives, and exporters.
Python-based data analysis and visualization provide insight into regional disparities. Multi-
Criteria Decision Analysis (MCDA) is applied to prioritize traceability technologies based on
usability, cost, scalability, and institutional feasibility. A national traceability framework is
proposed, integrating GPS farm mapping, mobile apps, QR/RFID tagging, and centralized
dashboards. The framework is aligned with stakeholder feedback, certification programs, and EU
Regulation 2023/1115.

Findings indicate that while mobile apps and GPS mapping are the most viable tools, systemic
risks remain including digital illiteracy, infrastructure limitations, and governance fragmentation.
The study presents a four-layer implementation roadmap, supported by a policy strategy covering
technology infrastructure, institutional coordination, financial incentives, and community
engagement.

This research makes both academic and applied contributions by offering a context-specific
blueprint for traceability integration in a resource-constrained, export-driven agricultural economy.
It supports national and international stakeholders working toward sustainable cocoa production,
compliance, and inclusive digital transformation in Cote d’Ivoire.

Keywords: digital traceability, cocoa supply chain, Cote d’Ivoire, MCDA, stakeholder simulation,
GPS mapping, blockchain, mobile apps, EU Regulation 2023/1115, agricultural sustainability
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Chapter 1:

Introduction

Before addressing the technical and policy challenges of traceability in the cocoa sector,
it is important to contextualize the role of Cote d’Ivoire in the global supply chain.
Traceability in agriculture has become a central focus in recent years, particularly as
international consumers and regulators demand greater transparency, ethical sourcing, and
environmental accountability. In cocoa, where concerns of child labor, deforestation, and
illegal sourcing persist, digital traceability systems offer a pathway to monitor, record, and
verify the movement of cocoa from farm to export. This thesis is positioned at the
intersection of technology, policy, and agricultural development, aiming to bridge the gap
between fragmented local systems and globally mandated compliance frameworks.

1.1 Background

Cote d’Ivoire is the world’s largest producer of cocoa, accounting for nearly 40% of global
supply and supporting the livelihoods of over one million smallholder farmers. Cocoa
exports represent a significant portion of the national GDP and are deeply embedded in
the country’s socio-economic fabric. However, this global dominance is shadowed by
persistent issues such as deforestation, child labor, farmer exploitation, and opaque trading
mechanisms. The cocoa supply chain remains fragmented, analog in its operations, and
poorly integrated across stakeholders—from farmers to exporters. As a result, efforts to
ensure sustainability, ethical sourcing, and compliance with emerging global trade
regulations face considerable limitations.

Global momentum for transparent and ethical supply chains is rising. The European
Union’s Regulation (EU) 2023/1115 on deforestation-free products mandates robust
traceability systems from producing countries, pushing cocoa-exporting nations to adopt
more structured and verifiable supply chain systems. Concurrently, private sector actors
including Nestl¢, Olam, and Barry Callebaut have begun piloting traceability technologies
such as GPS mapping, QR-coded tagging, blockchain verification, and mobile
applications. While these efforts show promise, they remain fragmented, uncoordinated,
and inaccessible to the vast majority of smallholders.
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Figures 1.1: Map of Céte d’Ivoire highlighting cocoa-growing regions

1.2 Problem Statement

Despite its central role in the global cocoa economy, Cote d’Ivoire lacks a national-level,
inclusive, and scalable digital traceability system. Most traceability initiatives are
confined to export-oriented cooperatives or donor-funded pilot projects, leaving out large



segments of the farming population. Moreover, critical challenges such as digital illiteracy,
low smartphone penetration in rural areas, inconsistent infrastructure, and weak inter-
agency governance inhibit the scaling of these initiatives. The gap between global
compliance pressure and local implementation readiness is widening, risking future export
viability and stakeholder trust.

1.3 Research Objectives

This thesis aims to design a feasible, scalable, and inclusive digital traceability framework
for the cocoa sector in Cote d’Ivoire. The research addresses the following objectives:

1. To review global traceability technologies and assess their suitability for
smallholder-dominated agricultural systems.

2. To simulate stakeholder digital readiness and adoption willingness using
structured surveys and modeling.

3. To evaluate traceability tools using Multi-Criteria Decision Analysis (MCDA)
based on factors such as cost, usability, and scalability.

4. To identify institutional and operational risks through risk matrix modeling.

5. To analyze regional disparities in traceability readiness and design a phased
national rollout strategy.

6. To propose a governance framework and implementation roadmap aligned with
policy, farmer inclusion, and international trade requirements.

1.4 Research Questions

Main Research Question:

How can a digitally enabled, stakeholder-inclusive traceability framework be designed
and simulated for effective national adoption in Cote d’Ivoire’s cocoa sector?

Sub-questions:

1. What are the most viable digital tools for traceability in agriculture, and how
suitable are they for the cocoa sector in Cote d’Ivoire?



2. What is the current level of digital readiness and willingness to adopt among
different stakeholder groups?

3. What are the major risks and barriers to the successful implementation of digital
traceability?

4. What governance and technological frameworks would enable national-level
traceability adoption?

5. What measurable benefits can digital traceability offer to farmers, cooperatives,
and exporters?

1.5 Methodology Overview

To address these questions, the study integrates both qualitative and quantitative
approaches:

e A comprehensive literature review of traceability technologies and case studies
from global cocoa initiatives.

o Simulation of stakeholder survey responses using Python to model digital
readiness, adoption willingness, and regional disparities.

e Application of Multi-Criteria Decision Analysis (MCDA) to evaluate and
prioritize digital tools.

e SWOT analysis of five case study initiatives and risk assessment matrix to evaluate
systemic barriers.

e Development of a four-layer digital traceability framework and phased
implementation roadmap aligned with national policy and international
compliance mandates.

1.6 Thesis Structure
The thesis is organized into seven chapters:
o Chapter 1 introduces the context, research objectives, and structure.

e Chapter 2 reviews literature on agricultural traceability systems, technologies,
and sustainability frameworks.



e Chapter 3 outlines the methodology, including survey simulation and decision
modeling.

o Chapter 4 presents findings from the simulation, MCDA, risk analysis, and
regional comparisons.

o Chapter 5 develops a digital traceability framework and implementation strategy.
o Chapter 6 presents a national policy roadmap and phased implementation plan.

e Chapter 7 concludes the study and offers academic and practical
recommendations.

This integrated research approach aims to fill the gap between theory and practice by
offering a data-informed, locally adapted, and globally relevant strategy for cocoa supply
chain traceability in Cote d’Ivoire.



Chapter 2:

Literature Review

2.1 Overview of the Cocoa Supply Chain in Ivory Coast
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Figures 2.1: Infographic showing key stakeholders and material flow from cocoa farmers to international
buyers, developed for visual communication of Céte d’Ivoire’s cocoa supply chain.



The cocoa supply chain in Cote d’Ivoire is a critical component of the global agricultural
commodity market. As the world's leading producer of cocoa beans, Cote d’Ivoire’s role
in the international chocolate industry is unparalleled. However, the sector faces long-
standing challenges such as deforestation, child labor, price volatility, and poor
transparency. These challenges are increasingly pressing due to evolving consumer
demands for ethically sourced products and emerging policy frameworks such as the
European Union’s Deforestation-Free Supply Chain regulations. This chapter reviews the
literature on cocoa supply chain traceability with a focus on digital innovations and policy
responses that aim to enhance transparency and sustainability.

2.2 Structure of the Cocoa Supply Chain in Cote d’Ivoire

The Ivorian cocoa supply chain is composed of smallholder farmers, local buyers,
cooperatives, licensed exporters, and multinational firms. Most cocoa producers are
smallholders managing less than 5 hectares of land. Cocoa beans typically pass through
multiple intermediaries before reaching exporters and international buyers. This
fragmented system contributes to traceability loss and weakens compliance monitoring.

A 2023 report by the Coffee and Cocoa Council (CCC) estimated that more than 1.05
million cocoa farmers exist in Cote d’Ivoire, but fewer than 80% have been registered
with traceable identities. This lack of visibility hampers efforts to eradicate child labor and
monitor environmental sustainability. Additionally, the logistical gap between production
areas and export points creates a disconnect in the value chain, often exploited by informal
actors and third-party aggregators.



2.3 Concept and Importance of Traceability in Agriculture
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Figures 2.2: Geospatial visualization showing deforestation exposure and traceability gaps in cocoa sourcing regions of Cote
d’Ivoire.

Traceability refers to the ability to track a product’s path through the supply chain. Olsen
and Borit (2013) distinguish between two major types:

o Internal traceability: Tracking within a single stakeholder’s operations (e.g.,
warehouse, cooperative)

o External traceability: Tracking across multiple stakeholders, from production to
final sale

In agriculture, traceability serves four essential functions:



3.
4.

. Product quality assurance and certification

Regulatory compliance (e.g., phytosanitary checks)
Ethical sourcing (e.g., no child labor)

Sustainability (e.g., deforestation-free land use)

The application of traceability systems in the cocoa sector is particularly vital due to the

complexity of sourcing channels and the high incidence of informal trading practices.

2.4 Digital Technologies for Cocoa Traceability

Over the last decade, digital innovations have significantly improved traceability
possibilities. Key technologies include:

GPS and Geospatial Mapping: Used to define and monitor cocoa plot boundaries.
This is particularly useful in verifying that farms are not located in protected forest
areas.

RFID/QR Tags: Physical tags attached to cocoa sacks help track the movement of
beans from farmer to exporter.

Blockchain Platforms: Immutable digital ledgers that record transactions securely
and transparently.

Mobile Apps and SMS Platforms: Enable real-time data input by farmers and
cooperatives. Examples include Olam Direct and the FarmTrace app.

Cloud-Based Dashboards: Centralized monitoring tools used by exporters and
regulators to track flows, generate reports, and flag anomalies.

Together, these tools enable “end-to-end” traceability, although their uptake is uneven
across regions due to infrastructural and social constraints.

2.5 Barriers to Digital Traceability Implementation

Despite the potential of digital technologies, numerous barriers impede adoption:

Technical Limitations: Many cocoa-producing areas in Cote d’Ivoire lack reliable
internet and electricity. Devices may also be incompatible with rural use
conditions.



Digital Illiteracy: A significant portion of smallholder farmers have limited
education and no prior exposure to smartphones or digital platforms.

Cost Burden: Technologies like RFID and blockchain require upfront investments
that many cooperatives cannot afford without external funding.

Policy Fragmentation: Inconsistent traceability guidelines from local government,
exporters, and certifying bodies lead to confusion.

Lack of Trust: Farmers are often skeptical of digital data collection, fearing loss of
autonomy or misuse of personal information.

To overcome these barriers, it is essential to design systems with farmer-centered

interfaces, offer incentives, and integrate with local extension services.

2.6 Industry Case Studies and Emerging Practices

A growing number of cocoa companies and NGOs have piloted traceability projects in
Cote d’Ivoire and other producing countries:

Nestlé Cocoa Plan: Uses GPS mapping and QR codes to trace cocoa to farm level.
As of 2022, 75% of its cocoa from Cote d’Ivoire was traceable to the cooperative
level.

Olam’s AtSource Platform: Offers sustainability scoring and traceability tools via
digital mobile platforms. Used by over 40,000 farmers in West Africa.

Barry Callebaut’s Cocoa Horizons: Mapped more than 240,000 farms and
achieved 82% plot-level traceability.

Fairtrade Blockchain Pilot: Collaborated with six cooperatives in Cote d’Ivoire to
create first-mile traceability using distributed ledger technology.

These initiatives showcase both innovation and the importance of multi-stakeholder
collaboration.

Note: A detailed SWOT analysis for this initiative is provided in Appendix A (Tables A.1-

A.5)
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2.7 Recent Academic and Industry Literature
Several recent studies deepen our understanding of digital traceability:

e Blockchain and Ethical Sourcing (Cocoanusa, 2023): Details how Mars and
Olam are using blockchain to secure digital transactions from field to factory.

e Traceability and Deforestation (IOPscience, 2023): Warns that traceability rates
in Cote d’Ivoire dropped from 74% in 2020 to 72% in 2021, with slow adoption
linked to weak engagement strategies.

e Governance of Cocoa Traceability (MDPI, 2023): Suggests a hybrid governance
model with both public and private actors playing a role in standard setting.

o Digital Platform Impact (Olam Direct) (FoodNavigator, 2019): Describes the
rise in farmer registration and premium payment accuracy following the launch of
mobile engagement tools.

These findings support the need for not just digital tools, but also enabling policy
environments and strong public-private partnerships.

The literature indicates that digital traceability in the cocoa supply chain is both necessary
and technically feasible. However, challenges such as cost, education, infrastructure, and
governance remain major obstacles. Best practices from industry and academic research
suggest a phased approach starting with mobile tools and GPS mapping, followed by
RFID and blockchain integration. These insights guide the development of the research
framework and the analysis of hypothetical stakeholder adoption scenarios in subsequent
chapters.

11



Chapter 3:
Methodology

3.1 Introduction

This chapter outlines the methodological framework used to address the central research
question: How can digital traceability be effectively and equitably implemented in Cote
d’Ivoire’s cocoa supply chain? Due to limitations in data access and field-based research,
the study adopts a mixed-methods design using secondary data, simulated survey results,
stakeholder modeling, and system evaluation frameworks to construct a realistic and
applicable implementation model.

3.2 Research Design

The methodology combines qualitative and quantitative techniques under a mixed-
methods umbrella. This enables the integration of descriptive insights from literature,
industry case studies, and journal articles with numerical data generated from stakeholder
simulations and scoring systems.

The primary research instruments include:
e A simulated stakeholder survey
e Correlation analysis using encoded data
e Multi-Criteria Decision Analysis (MCDA)
e Risk and implementation matrix
e Visual modeling (bar charts, heatmaps, and adoption maps)

This design allows the study to maintain analytical rigor while addressing the limitations
of real-time data availability.
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3.3 Data Sources and Justification
The research relies on the following data types:
3.3.1 Secondary Data from Industry and NGOs

Reports from the Conseil du Café-Cacao, Fairtrade, Nestl¢, Barry Callebaut, and Olam
were used to collect data on GPS mapping progress, farm registration, cooperative
participation, and blockchain pilots. Academic articles from MDPI, IOPScience, Springer,
and sector-specific blogs also provided theoretical grounding.

3.3.2 Simulated Stakeholder Survey

Due to the absence of direct access to cocoa farmers and exporters, a simulated survey of
100 hypothetical respondents was created. The simulation reflects realistic probabilities
based on sectoral reports and expert commentary.

e 60 smallholder farmers
e 25 cooperative managers
e 15 exporters or buyers

Survey questions addressed smartphone access, tool familiarity, app usage, willingness to
adopt, and perceived barriers. Responses were generated using Python and analyzed
through visualization libraries such as Seaborn and Matplotlib.

Survey Question Yes
(“o)
1. Do you own a smartphone? 72

2. Are you familiar with QR codes or RFID tags used in cocoa 35
traceability?

3. Have you ever used a mobile application for farming or cooperative 41
trade?

4. Would you be willing to adopt digital traceability if trained or 82
incentivized?

Table 3.1: Survey Summary Table (Simulated Sample of 100 Respondents)

13

(%)
28

65

59
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Note: The complete simulated survey format and data are available in Appendix D

3.3.3 Case Study Benchmarking

To support the design of the simulation and selection of traceability tools for evaluation,
a benchmarking analysis was conducted using five leading industry case studies:

e Nestlé Cocoa Plan (QR codes + GPS mapping)

o Barry Callebaut’s Cocoa Horizons (cooperative-level traceability)
o Fairtrade blockchain pilot (with six cooperatives in Cote d’Ivoire)
e Olam’s AtSource platform (real-time dashboard and satellite data)
o Rainforest Alliance certification platform (compliance + ethics)

Each case was analyzed using a SWOT framework (detailed in Chapter 2 and Appendix
A) to identify:

o Strengths of their technology stack

e Weaknesses in scaling and farmer engagement

e Opportunities for policy alignment and expansion

o Threats such as cost, resistance, and data fragmentation

These insights directly informed the variables used in the survey simulation (e.g., mobile
app usage, QR familiarity), the MCDA criteria (cost, scalability), and the framework
designed in Chapter 5.

3.4 Data Analysis Tools and Techniques

3.4.1 Correlation Matrix and Heatmap

Encoded variables from the simulated survey were analyzed to detect relationships. A
Pearson correlation matrix and Seaborn heatmap were used to understand which factors
are strongly or weakly associated.
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Correlation Matrix: Digital Traceability Survey Variables
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figure 3.1: Heatmap of Correlation Matrix

Key findings:
e Smartphone access moderately correlates with mobile app usage (r = 0.52)
e Mobile app usage strongly correlates with adoption willingness (r = 0.58)
o Familiarity with QR codes moderately correlates with adoption (r = 0.30)

These relationships confirm the hypothesis that digital readiness supports traceability
adoption.

Note: The corresponding Python code and output heatmap figure are included in

Appendix B
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3.4.2 Multi-Criteria Decision Analysis (MCDA)

To support a structured selection of appropriate traceability tools for the Ivorian cocoa
sector, a Multi-Criteria Decision Analysis (MCDA) was employed. MCDA is a decision-
support tool that evaluates multiple alternatives based on a set of weighted criteria. It
allows the researcher to objectively compare technologies that vary across technical,
economic, and operational dimensions.

Step 1: Define Alternatives
The four digital traceability tools evaluated are:
e GPS Mapping
e QR/RFID Tagging
e Blockchain
e Mobile Applications
Step 2: Define Evaluation Criteria and Assign Weights

The criteria were selected based on stakeholder priorities (ease of use, affordability,
scalability, precision) and insights from case study benchmarking.

Criterion Weight (Wi)
Cost 0.30
Ease of Use 0.20

Traceability Accuracy 0.30
Scalability 0.20

Table 3.2: Evaluation Criteria and Assign Weights

Step 3: Assign Raw Scores to Each Alternative

Each tool was rated on a scale of 1 (low performance) to 5 (high performance) for each
criterion. The scoring was informed by real-world implementations and expert
knowledge:
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Criterion GPS Mapping QR/RFID Blockchain

Cost 3 2 1
Ease of Use 2 3 1
Traceability Accuracy 4 3 5
Scalability 3 3 2

Table 3.3: Assign Raw Scores

Step 4: Apply the Weighted Sum Formula

The total score (Si) for each alternative is calculated using the formula:

S =X (Wi x Rij)

Where:
e S is the final score for each alternative
o Wi is the weight of criterion i

 Rij is the score of alternative j on criterion i

Step 5: Calculate Final Scores
e GPS Mapping:

S1=(0.3x3) + (0.2x2) + (0.3x4) + (0.2x3) = 0.9 + 0.4 + 1.2 + 0.6 = 3.1

« QR/RFID:

S2=(0.3x2) + (0.2x3) + (0.3x3) + (0.2x3) = 0.6 + 0.6 + 0.9 + 0.6 = 2.7

e Blockchain:

S3=(0.3x1) + (0.2x1) + (0.3x5) + (0.2x2) = 0.3 + 0.2 + 1.5+ 0.4 = 2.4

e Mobile Apps:

17
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Sa=(0.3x4) + (0.2x4) + (0.3x3) + (0.2x4) = 1.2 + 0.8 + 0.9 + 0.8 = 3.7

Step 6: Interpret Results
The final MCDA ranking is:

—

. Mobile Apps (3.7)
2. GPS Mapping (3.1)
3. QR/RFID (2.7)

4. Blockchain (2.4)

This analysis suggests that mobile applications provide the most balanced and feasible
approach for the first phase of traceability implementation in Cote d’Ivoire’s cocoa sector,

especially considering ease of deployment, user familiarity, and cost.

This approach ensures that the technology selected is not only effective but also scalable,

inclusive, and realistic within current constraints. To compare traceability technologies,
four digital tools were evaluated based on weighted criteria:

e Cost (30%)

o Ease of use (20%)

o Traceability precision (30%)
o Scalability (20%)

Criteria GPS Mapping
Cost (0.3) 3
Ease of Use (0.2) 2
Accuracy (0.3) 4
Scalability (0.2) 3

Weighted Score 3.1

Table 3.4: MCDA Results

QR/RFID

2

3

2.

6
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Mobile applications ranked highest overall, followed by GPS. Blockchain, despite its high
accuracy, scored lowest due to its cost and complexity.

Note: The scoring matrix and MCDA Python script are included in Appendix B

3.4.3 Risk Matrix

A risk assessment table was constructed to identify and evaluate five key risk categories:
technical, social, financial, institutional, and educational.

Risk Type Risk Example Likelihood Impact Mitigation Strategy
Technical Unstable mobile High High Offline  data  sync
network features
Social Farmer mistrust in Medium High Community pilot

digital systems demos and
sensitization
Financial Upfront tech cost for Medium Medium Subsidies, donor-
cooperatives funded pilots
Institutional Lack of cross- High High Unified national
agency coordination traceability council
Educational Low tech literacy High High Training via extension
and NGOs

Table 3.5: Risk Matrix

Note: Additional risk visualizations and simulation logic are provided in Appendix
B.
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3.5 Limitations
e The simulated survey may not reflect regional variability or real-life constraints.

e MCDA scores were subjectively assigned based on published cases and expert
logic.

o Government data transparency is limited, preventing official validation.

Despite these limitations, the triangulation of case study logic, simulation, and analytical
tools ensures that the methodology offers both practical relevance and theoretical
robustness.

The research methodology creatively bridges the gap between theoretical research and
applied implementation analysis. By simulating stakeholder behavior, benchmarking
global traceability initiatives, evaluating tool feasibility, and modeling risks, the chapter
establishes a strong empirical foundation for the findings discussed in the next chapter.

Note: For technical documentation, simulated datasets, and full visualization
outputs, see Appendices A—E

20



Chapter 4:
Findings and Analysis

4.1 Introduction

This chapter presents the findings of the study by integrating theoretical insights,
simulated stakeholder responses, decision analysis, and risk assessment to evaluate the
viability of digital traceability implementation in Cote d’Ivoire’s cocoa supply chain. The
analysis not only quantifies stakeholder readiness but also dissects the relative
effectiveness and feasibility of various traceability technologies. It concludes with a
synthesized overview of the enabling and limiting conditions for successful
implementation.

4.2 Insights from Literature and Real-World Case Studies

Extensive review of both scholarly and industry-based literature reveals that while several
multinational cocoa firms have invested in digital traceability systems, their scalability
remains uneven due to infrastructural and socio-political constraints. Projects like the
Nestlé Cocoa Plan, Barry Callebaut’s Cocoa Horizons, and Olam’s AtSource demonstrate
strong technological capabilities (e.g., GPS mapping, QR tagging, blockchain
integration), yet struggle to scale across fragmented supply chains.

One common insight is that traceability, while a digital process, is fundamentally social
in nature it depends on human interaction, trust, incentives, and organizational
cooperation. Academic research corroborates that without institutional harmonization and
farmer-centric training, even the most advanced systems yield low adoption rates.

4.3 Simulated Survey Findings

Due to field research constraints, this study conducted a simulated survey of 100
stakeholders (60 farmers, 25 cooperative managers, and 15 exporters). The aim was to
understand stakeholder familiarity with digital tools and willingness to adopt traceability
systems.
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Percentage of Responses

Survey Indicator Percentage Yes  Percentage No

Owns a smartphone 72% 28%
Familiar with QR/RFID tagging 35% 65%
Has used mobile apps for trade/farming 41% 59%
Willing to adopt traceability if incentivized 82% 18%

Table 4.1: Simulated Survey Findings

Farmer Feedback on Digital Traceability System

Sentiment
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I Neutral (%)
I Negative (%)
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Figure 4.1: Aggregated farmer feedback on digital traceability tools, based on simulated sentiment
by functionality

Note: Detailed data presented in Appendix E, Table E.1 (Farmer Feedback on Digital
Traceability System).
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These results suggest that while basic digital infrastructure (i.e., smartphone access) is
relatively widespread, advanced familiarity with traceability tools remains limited.

However, the high willingness to adopt (82%) implies that barriers are not attitudinal but
structural and informational.

Adoption Rates of Digital Traceability Tools in Cote d'lvoire (2023)
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Figure 4.2: Adoption Rates of Digital Traceability Tools in Cote d’Ivoire

Note: Raw survey data and visualization outputs are compiled in Appendix D.
Aggregate tool adoption data compiled in Appendix D.

4.4 Correlation Matrix and Heatmap Interpretation

Encoded binary variables were analyzed using Pearson correlation coefficients to explore

relationships between digital access and adoption readiness. The following associations
emerged:

e Smartphone Access — Mobile App Usage (r = 0.52)

e Mobile App Usage — Willingness to Adopt Traceability (r = 0.58)
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e Familiarity with QR Codes — Adoption Willingness (r = 0.30)
e Perceived Barriers — Negative Association with Adoption (r = -0.20)

A heatmap visually highlighted these correlations, reinforcing the idea that digital
familiarity enhances openness to traceability adoption. The findings support the
hypothesis that adoption is not strictly a function of access, but of experiential and
educational exposure to digital tools.

Stakeholder Participation in Traceability Implementation

Warehouse Staff

Exporters

Government/NGO

Cooperative Heads

Cocoa Farmers

Figure 4.3: Share of stakeholder groups (farmers, cooperatives, exporters, regulators)
participating in traceability initiatives (simulated distribution).

Note: Refer to Appendix D, Table D.1 and Appendix E, Table E.3 for stakeholder
breakdown.
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Percentage Adoption of Digital Traceability Tools
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Figure 4.4: Percentage Adoption of Digital Traceability Tools in Céte d’Ivoire

Note: Python code and expanded matrix values can be found in Appendix B and
Aggregate tool adoption data compiled in Appendix D.

4.5 Multi-Criteria Decision Analysis (MCDA)

To determine the optimal traceability technologies for the Ivorian context, an MCDA was
conducted evaluating four tools GPS Mapping, QR/RFID, Blockchain, and Mobile Apps
across four criteria: cost, ease of use, traceability accuracy, and scalability.
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Count

800000 4

700000

600000 -

500000

400000 A

300000 A

100000 A

Criteria Weight GPS Mapping QR/RFID Blockchain Mobile Apps

Cost 0.3 3 2 1 4
Ease of Use 0.2 2 3 1 4
Traceability Accuracy 0.3 4 3 5 3
Scalability 0.2 3 3 2 4
Weighted Score 3.1 2.6 2.1 3.8

Table 4.2: Multi-Criteria Decision Analysis (MCDA)

Interpretation: Mobile apps scored the highest due to their low cost, ease of deployment,
and wide familiarity. GPS mapping followed closely. Blockchain technologies, although
offering unmatched traceability precision, were deemed the least viable for near-term
implementation due to high complexity and cost.

Adoption of Digital Traceability Measures (Absolute Numbers)
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Figure 4.5: Adoption by Absolute Numbers Across Stakeholder Groups
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Verification Time (Hours)

Verification Time: Blockchain vs Manual
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Figure 4.6: Time comparison between blockchain-based and manual traceability verification systems
across different process stages.

Note: Based on aggregated simulated responses—see Appendix D and Table E.3

Note: See Appendix E, Table E.2 (Blockchain vs Manual Verification) and Table E.5 (Performance
Comparison).

4.6 Implementation Risk Matrix

An assessment of implementation risks was conducted using a structured matrix that
ranked each risk based on its likelihood and potential impact. The matrix covered
technical, institutional, financial, and social dimensions.
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Risk
Category
Technical
Social
Financial

Institutional

Educational

Specific Risk
Unreliable rural
networks

Farmer mistrust or
resistance

Upfront costs  for
cooperatives

Poor inter-agency
coordination

Digital illiteracy in

rural regions

Table 4.3: Implementation Risk Matrix

Likelihood Impact

High High
Medium High
Medium Medium
High High
High High

Mitigation Strategy

Offline-compatible apps

Pilot programs with clear value
demonstration

Donor subsidies and shared

tech infrastructure

National Traceability Taskforce

Training partnerships  with

NGOs

This matrix confirms that the main challenges are not technological limitations, but
governance gaps and limited user preparedness.
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Measured Value

Performance Comparison: Manual vs Digital Trazeability
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Figure 4.7: Time Performance comparison of cooperatives before and after adoption of digital traceability systems (based
on simulated benchmarks).

Note: Comparative performance data is provided in Appendix E, Table E.5.

4.7 Regional Disparities in Traceability Adoption

This section explores geographic variation in the adoption of digital traceability systems
across major cocoa-producing regions of Cote d’Ivoire. These insights are derived from a
synthesized dataset that includes simulated adoption rates, certification coverage, cocoa
yields, and average farm sizes for 10 high-output cocoa zones.

4.7.1 Adoption by Region and Certification

The adoption of digital traceability tools across cocoa-producing regions in Cote d’Ivoire
reveals clear disparities tied to infrastructure, cooperative strength, and exposure to
sustainability certification schemes. Soubré (58%) and San-Pédro (53%) emerged as
frontrunners, benefiting from relatively higher investments in training and established
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cooperative frameworks. Regions like Abengourou and Aboisso also demonstrate
moderate uptake due to their early integration into certification programs.

In contrast, regions such as Man (18%) and Daloa (22%) lag significantly behind. These
areas often lack robust cooperative structures or consistent digital outreach programs.
Moreover, low connectivity and infrastructural gaps reduce access to smartphones and
mobile data services—critical enablers of traceability adoption.

As illustrated in Figure 4.8, there is a strong association between regions with higher
certification coverage and greater digital traceability adoption. Certification schemes
often require basic data collection and offer digital tools, making them natural facilitators
of traceability readiness.

Digital Traceability Adoption in Ivory Coast Cocoa Farming (2023)
50
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0
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10 . .
0
. s gﬁ)& & é,&°° @ &° vg@ﬁp

# & d
Figure 4.8: Digital Traceability Adoption by Region and Certification

Certification
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Note: Regional metrics derived from Appendix C, Table C.1 and C.2.
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Figure 4.9: Simulated number of cocoa farmers using digital traceability tools by region.

Note: Regional farmer adoption numbers from Appendix C, Table C.2.

4.7.2 Yield and Traceability Correlation

To examine the relationship between productivity and digital traceability adoption,
regional yield data (kg/ha) was compared to simulated adoption rates. The results,
visualized in Figure 4.7, indicate a positive correlation: regions with higher digital
adoption also tend to report better cocoa yields.
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Yield (kg per hectare)

Cocoa Yield vs Digital Traceability Adoption Rate
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Figure 4.10: Cocoa Yield vs. Digital Traceability Adoption Rate by Region

Note: Regional metrics derived from Appendix C, Table C.1 and C.2.

This correlation likely stems from multiple reinforcing factors:

o Digitally engaged farmers have better access to agronomic training and market
information.

o Cooperatives using digital tools may manage inputs, pest control, and pricing more
efficiently.

e Certification programs (often linked to traceability) include productivity
enhancement modules.

Additionally, farm size plays a moderating role. Larger average farm holdings (e.g., in
Soubré or San-Pédro) may generate enough revenue to justify digital investment, making
technology adoption more economically viable.
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4.7.3 Certification Breakdown Among Adopters

A breakdown of certifications among digitally integrated cocoa farmers shows a
concentration around major international schemes. Figure 4.8 highlights that Rainforest
Alliance and UTZ certifications are the most prevalent among traceability adopters,

accounting for over 70% of certified participants. Fairtrade follows with a smaller share,
while Organic remains niche.

Sustainability Certification Distribution
(Excluding Non-Certified)

Organic

20.0%

40.0%

20.0%

Fairtrade

20.0%

Rainforest

Figure 4.11: Certification Distribution Among Digitally Integrated Cocoa Farmers

Note: Certification distribution among adopters detailed in Appendix C, Table C.2.

This concentration may reflect:
e The dominance of Rainforest/UTZ in exporter supply chain standards.

e QGreater availability of funding and digital support under these certifications.
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Count / Units

e Their requirement for farm-level data collection, which aligns with traceability
tools.

These results emphasize the importance of harmonizing national traceability systems with
certification schemes to reduce redundancy, improve data quality, and lower compliance
costs for farmers.

187 Extended Key Metrics in Cote d'lvoire's Cocoa Traceability Programs
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Figure 4.12: Extended Cocoa Traceability Metrics

Note: Expanded metrics are included in Appendix D and E.

4.7.4 Implications

The geographic disparities in traceability adoption present both challenges and strategic
opportunities:

o Targeted Expansion: Policymakers should prioritize low-uptake regions like Man
and Daloa for infrastructure investment, training programs, and cooperative
strengthening.

o Leverage Certification Platforms: Since certifications are linked to higher digital
adoption, partnerships with Rainforest, UTZ, and Fairtrade should be deepened.
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These platforms can provide trusted channels for farmer onboarding and data
sharing.

e Inclusive Design: Smaller farms and under-resourced cooperatives should be
supported through mobile subsidies, peer mentoring, and incentive structures.
Otherwise, digital transformation may reinforce existing inequalities.

o Region-Based Rollout: Regional digital readiness scores should be incorporated
into the national traceability roadmap to guide phased implementation based on
impact potential.

Key Metrics in Céte d'lvoire's Cocoa Traceability Programs

1,050,000

Total cocoa farmers identified

Farmer ID cards distributed

Cocoa production area mapped (ha)

Traceability to plot level (%) 182

Directly sourced exports (%) 435

Cooperatives in traceability pilots 4580

Exporters in pilots 422

240,570

Farms near protected forests

Plots in blockchain pilots

Farmers in blockchain pilots

Fairtrade farmers in pilot

0.5 1.0 L5 2.0
Value le6

Figure 4.13: Horizontal Bar Chart of Pilot Metrics

Note: Pilot metrics linked to survey results in Appendix D.
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4.8 Integration of Results and Implications

The triangulation of simulated survey data, MCDA scoring, and risk matrix analysis leads
to the following conclusions:

o The most strategic entry point for digital traceability is mobile apps, especially
when combined with GPS tools.

e Investments in digital training, community engagement, and institutional
coordination yield higher returns than heavy investment in blockchain.

e Adoption barriers can be mitigated through inclusive design, incentives, and
phased scaling.

These findings inform the framework and roadmap presented in Chapter 5.

This chapter has provided a comprehensive, data-driven analysis of the opportunities and
barriers associated with implementing digital traceability in Cote d’Ivoire’s cocoa supply
chain. By simulating stakeholder behavior, evaluating tool feasibility, and quantifying
institutional risks, the study offers actionable insights for technology selection and rollout
design. These results are operationalized in the digital traceability framework proposed in
the next chapter.
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Chapter 5:

Discussion and Framework Development

5.1 Introduction

This chapter synthesizes the major findings of the study and contextualizes them within
the broader goals of supply chain transparency, policy compliance, and sustainable
development in Cote d’Ivoire’s cocoa sector. It interprets the implications of the simulated
stakeholder survey, the Multi-Criteria Decision Analysis (MCDA), and the
implementation risk matrix developed in previous chapters. Building on these insights,
the chapter presents a comprehensive, phased framework for implementing digital
traceability in the Ivorian cocoa supply chain, ensuring alignment with international
standards and local capacity.

5.2 Interpretation of Key Findings

5.2.1 Digital Readiness and Willingness
The simulated stakeholder survey revealed encouraging levels of digital readiness:
e 72% of respondents reported owning a smartphone.

e 41% had experience using mobile applications for farming or cooperative
activities.

e 82% expressed willingness to adopt digital traceability tools if training or
incentives were provided.

While only 35% of stakeholders were familiar with QR codes or RFID tagging, this gap
suggests an opportunity for targeted education, rather than a barrier to implementation.
These results collectively indicate a strong foundation for scaling digital initiatives,
provided support mechanisms are in place.

5.2.2 Tool Selection via MCDA

The Multi-Criteria Decision Analysis ranked four major digital traceability technologies:
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1. Mobile Applications (3.7/5)
2. GPS Mapping (3.1/5)

3. QR/RFID Tagging (2.7/5)

4. Blockchain Platforms (2.4/5)

Mobile apps emerged as the most feasible and scalable solution for early implementation
due to their low cost, ease of use, and increasing farmer familiarity. In contrast, blockchain
tools—though high in precision—present adoption risks due to technical complexity,
infrastructure demands, and high costs. The MCDA thus supports a phased approach,
beginning with familiar, lower-barrier technologies.

Note: Expanded scoring justifications and heatmaps are available in Appendix B.

5.2.3 Institutional and Operational Risks

The risk matrix highlighted governance, education, and infrastructure as primary
bottlenecks:

o High likelihood and impact of poor inter-agency coordination.
o Critical digital literacy gaps among rural stakeholders.
e Medium-to-high cost barriers for cooperatives adopting new systems.

These findings reinforce the conclusion that successful traceability implementation
requires not just the right tools, but also the right institutions and partnerships.

5.3 Proposed Digital Traceability Framework

The proposed framework is designed to be modular, scalable, and stakeholder-inclusive.
It incorporates technical tools, human capacity elements, governance layers, and
compliance metrics. The framework is built around four core layers:

1. Farmer Interface Layer
e (GPS-based digital farm registration
e Mobile app—based recording of production and sales

e Unique Farmer ID linked to cooperative and government database
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2. Cooperative and Aggregation Layer
o Bulk registration of deliveries using QR-coded or RFID-tagged cocoa bags
e Local dashboards for cooperative traceability and payment management
o Integration with sustainability certification platforms

3. Exporter and Buyer Layer
e Cross-verification with certification and transaction records
o Integration with blockchain or cloud-based data systems for select buyers
o Export compliance verification with traceability reports

4. Oversight and Analytics Layer
e National dashboard managed by CCC (Conseil du Café-Cacao)
e Visualization of cocoa flow from farm to port

o Al-enabled alerts for deforestation, child labor risk, or data inconsistencies

5.4 Phased Implementation Strategy

Given resource constraints and digital maturity levels, the framework proposes a phased
rollout:

Phase 1: Foundation and Piloting (Year 1)
o Launch pilots in 5 diverse cocoa regions
o Register farmers and distribute mobile apps
e Use GPS to map farm boundaries
Phase 2: Integration and Expansion (Years 2-3)
e Link cooperative-level QR/RFID data to exporter systems
e Introduce blockchain modules selectively
e Begin policy harmonization across ministries

Phase 3: National Adoption and Compliance (Years 4-5)
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Mandate traceability for all exports
Integrate with EU compliance dashboard

Public reporting of traceability metrics and farmer incentives

5.5 Stakeholder Roles and Responsibilities

Stakeholder Key Responsibilities

Farmers Data entry via mobile tools; attend training; secure certification

Cooperatives Tag cocoa; aggregate data; manage payment records; provide feedback

Exporters Verify origin data; submit transaction records; finance traceability
infrastructure

Government Create legal framework; manage national dashboard; allocate funding and

(CCO) policy

NGOs/Partners Deliver training; monitor impact; support community engagement

Table 5.1: Stakeholder Roles and Responsibilities

5.6 Policy and Capacity Recommendations

To maximize impact and sustainability, the following supportive policies are
recommended:

Develop a national legal framework mandating digital traceability.

Provide public co-investment for infrastructure (mobile networks, solar kits).
Incorporate traceability training into agricultural extension programs.
Encourage donor-funded digital literacy campaigns for women and youth.

Establish data privacy protocols and farmer consent mechanisms.
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This chapter demonstrated how digital traceability in Cote d’Ivoire’s cocoa sector is both
technically feasible and socially desirable—if implemented through a structured, phased,
and inclusive approach. The proposed framework aligns technology with human behavior,
policy context, and market expectations. It offers a blueprint for scalable adoption that
prioritizes farmer empowerment, transparency, and long-term sustainability. These
elements form the strategic foundation for the final recommendations and policy roadmap
presented in the next chapter.
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Chapter 6:

Policy Roadmap and Strategic Implementation Plan

6.1 Introduction

To ensure that the digital traceability framework proposed in this study moves beyond
theory into actionable national reform, this chapter outlines a strategic implementation
plan and policy roadmap. The roadmap aligns with Coéte d’Ivoire’s cocoa sustainability
goals, international compliance mandates (especially EU deforestation-free supply chain
legislation), and local governance realities. This chapter translates the findings of the
thesis into concrete policy actions, implementation timelines, institutional roles, and
performance indicators.

6.2 Objectives of the Roadmap
o Establish a national digital traceability standard for cocoa
e Scale adoption of digital tools among smallholder farmers and cooperatives
o Improve transparency and accountability across the cocoa value chain
e Harmonize policy and technology efforts between government and private sector

o Ensure export compliance with international sustainability and trade standards

6.3 Strategic Pillars of the Implementation Plan
Pillar 1: Legal and Regulatory Foundation

o Draft and pass a “Digital Traceability Act” outlining minimum requirements for
farm registration, data sharing, and exporter accountability.

e Create an inter-ministerial taskforce under the Coffee-Cocoa Council (CCC) to
coordinate digital traceability rollout.

e Develop farmer data protection and consent protocols in line with global privacy
standards.
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Pillar 2: Technology and Infrastructure

Develop a national traceability platform that integrates mobile apps, GPS
mapping, and QR tagging modules.

Ensure all platforms support offline functionality and local language interfaces.

Establish interoperability standards to allow exporters and NGOs to plug into the
national dashboard.

Pillar 3: Institutional Capacity and Governance

Build institutional capacity within the CCC, Ministry of Agriculture, and regional
directorates for system oversight and support.

Assign cooperatives as traceability implementation hubs at the community level.

Train local ICT agents and agricultural extension officers to act as system
champions.

Pillar 4: Financial Incentives and Donor Partnerships

Launch a Traceability Transition Fund financed through public-private
partnerships (PPP), cocoa export levies, and international donor contributions.

Offer digital subsidy packages (devices + mobile data) to certified cooperatives
and pilot regions.

Reward compliance with traceability standards through price premiums, tax relief,
or preferential procurement.

Pillar 5: Community Engagement and Farmer Empowerment

Use radio, community forums, and mobile messaging to explain traceability
benefits to rural farmers.

Partner with women’s organizations and youth cooperatives to ensure inclusive
participation.

Ensure that traceability systems return value to farmers (e.g., input forecasting,
price tracking).
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6.4 Phased Implementation Timeline

Phase @ Year(s)

1 Year 1

2 Years 2—
3

3 Years 4-
5

4 Year 6+

Key Actions

Pilot traceability in 5 regions; map farms with GPS; register farmers with
digital IDs

Expand app usage; roll out QR tagging at cooperatives; integrate with exporter
platforms

Mandate digital traceability for all licensed exporters; enable real-time
national dashboard

Continuous monitoring, updates, and inclusion in national agricultural strategy

Table 6.1: Phased Implementation Timeline

6.5 Monitoring, Evaluation, and Performance Indicators

Outcome Area Indicator Example Target (by Year
5)

Farmer Registration % of cocoa farms digitally mapped and registered 85%

Cooperative % of cooperatives using traceability tools 75%

Engagement

Exporter Compliance % of licensed exporters linked to national 100%

System Uptake

Capacity Building

dashboard

% of transactions digitally recorded from farmer 80%
to buyer

Number of agents/coops trained on digital tools 1,500+

Table 6.2: Monitoring, Evaluation, and Performance Indicators
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6.6 Alignment with Global and Regional Frameworks
e Theroadmap aligns with EU Regulation 2023/1115 on deforestation-free products.

e Supports African Continental Free Trade Area (AfCFTA) harmonization on agri-
digital policies.

e Complements World Bank and IFC cocoa value chain investments in West Africa.

6.7 Risks and Mitigation Strategies

Risk Type Description Mitigation Strategy
Technical Poor mobile coverage in rural zones  Prioritize offline apps, solar-powered hubs
Social Resistance due to lack of Conduct participatory demos and farmer-
understanding to-farmer training
Financial High initial costs for cooperatives Subsidize entry through donor-funded
starter kits

Institutional Overlap between ministries and poor Mandate single-lead governance through
coordination CCC

Table 6.3: Risks and Mitigation Strategies

The digital traceability roadmap outlined in this chapter transforms the framework
developed in this thesis into a national strategy. It identifies key actors, timelines,
technologies, and risks. Importantly, it anchors digital traceability in a broader agenda of
inclusive rural development, global market access, and climate-smart agricultural
modernization. With the right political will, stakeholder cooperation, and investment, Cote
d’Ivoire can build a traceable cocoa economy that is ethical, efficient, and globally
competitive.

Note: Refer to Appendix B for extended risk modeling data and visualizations.
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Chapter 7:
Conclusion and Recommendations

7.1 Conclusion

Cote d’Ivoire, as the world’s leading cocoa producer, is at the forefront of global debates
on sustainable agriculture, ethical trade, and supply chain transparency. This thesis has
explored the potential for implementing a digital traceability system tailored to the specific
institutional, technological, and social dynamics of the Ivorian cocoa sector. Through a
multi-dimensional research design incorporating literature review, global case study
analysis, simulated stakeholder data, decision analysis, and risk modeling, the study
presents both a critical diagnosis and a practical solution.

The findings confirm that while digital traceability is technically feasible, its real-world
adoption hinges not just on the availability of technology, but on institutional coordination,
farmer inclusion, financial accessibility, and behavioral change. With over 72% of
stakeholders surveyed owning smartphones and 82% showing a willingness to adopt
traceability with incentives, the conditions for deployment exist but must be strategically
cultivated.

The Multi-Criteria Decision Analysis (MCDA) demonstrated that mobile apps and GPS
mapping provide the most accessible and scalable tools for early-stage implementation,
while more advanced systems like blockchain may be introduced selectively in later
phases. The implementation risk matrix further revealed the critical importance of digital
literacy, cross-ministerial coordination, and subsidized access to devices and connectivity.

The proposed digital traceability framework is structured around four operational layers
farmer registration, cooperative-level tagging and monitoring, exporter verification, and
national-level analytics. The recommended phased rollout (pilot, scale, mandate) aligns
the pace of implementation with digital maturity and stakeholder capacity.

In summary, this thesis contributes a context-specific roadmap for digital traceability in
Cote d’Ivoire that balances technology, governance, inclusion, and compliance. It offers a
scalable blueprint not just for Cote d’Ivoire, but for other commodity-dependent
developing countries seeking to modernize informal agricultural supply chains.
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7.2 Recommendations

7.2.1 Technological Recommendations

Prioritize rollout of mobile applications with offline capability and local
language support.

Mandate GPS-based farm registration as a precondition for digital ID
issuance.

Introduce QR or RFID tagging at the cooperative level once initial
mobile systems stabilize.

7.2.2 Policy Recommendations

Establish a national digital traceability law administered by the Coffee-
Cocoa Council (CCC).

Require all licensed exporters to integrate with the national traceability
dashboard by year 3.

Align traceability requirements with European Union Deforestation-Free
Cocoa legislation.

7.2.3 Capacity Building and Education

Incorporate digital literacy training into agricultural extension services.

Train cooperative staff on data entry, QR/RFID use, and farmer interface
management.

Fund peer-to-peer farmer demonstrations to promote trust in digital tools.

7.2.4 Financial and Institutional Support

Create a public-private Traceability Fund to subsidize devices and data
connectivity.

Provide performance-based grants to cooperatives that meet traceability
milestones.

Incentivize exporters through tax benefits or compliance certifications.
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7.2.5 Community Engagement and Inclusivity

e Involve local leaders and women’s groups in traceability pilots and
trainings.

e Develop consent protocols ensuring that farmers control how their data is
used.

o Promote use of traceability data to support income diversification and
market access.

7.3 Contributions to Knowledge

This thesis makes several original contributions to both academic literature and practice:

It proposes a novel integration of simulated data, MCDA, and risk modeling in the
context of digital agriculture.

It frames traceability not merely as a technical upgrade, but as a governance and
inclusion strategy.

It develops a fully contextualized, multi-layered framework adaptable to other
sectors or regions.

7.4 Limitations

The simulated survey, while grounded in existing literature, does not replace field
validation.

Stakeholder interviews and direct observations could have enriched the findings.

Cost-benefit calculations of full-scale implementation were not included but are
recommended for future research.

7.5 Future Research Directions

Conduct field trials and stakeholder interviews to validate the framework
components.
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o Evaluate the use of machine learning for automated compliance monitoring (e.g.
satellite-based deforestation alerts).

e Study gender-specific impacts and digital inclusion strategies for women cocoa
farmers.

o Explore integration of traceability with carbon credit markets and ESG reporting.

7.6 Final Reflection

Digital traceability represents not only a technological leap but a paradigm shift in how
supply chains are governed. For Cote d’Ivoire, it offers an opportunity to move beyond
fragmented production and opacity toward a transparent, equitable, and sustainable cocoa
economy. The path forward will require commitment, experimentation, and collaboration.
But with the right incentives, tools, and policies in place, Cote d’Ivoire can become a
global leader in digital agricultural transformation setting a powerful precedent for the
rest of Africa and the Global South.
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APPENDICE

APPENDICE A: SWOT Tables

¢ Case Study 1: Nestlé Cocoa Plan

Strengths Weaknesses

- Strong multinational support and - Limited scalability beyond Nestlé’s

funding suppliers

- Use of GPS mapping and farmer - Dependence on internal IT

registration infrastructure

- Integrated sustainability goals - Limited data sharing with other actors

Opportunities Threats

- Expansion  through  public-private - Regulatory challenges in data protection

partnerships

- Alignment with EU supply chain laws - Market volatility disrupting incentive
schemes

Table A.1: Swot analysis Case Study 1: Nestlé Cocoa Plan
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¢ Case Study 2: Cargill Cocoa Promise

Strengths

Weaknesses

- Real-time data collection tools (e.g.,
CocoaWise platform)

- Strong farmer training and cooperative
engagement

- Transparent dashboard accessible to clients

Opportunities

- Integration with climate and carbon
tracking systems

- Leverage for better farmer premiums

- High initial deployment costs

- Risk of digital exclusion of non-
cooperative farmers

- Maintenance and updates can be
inconsistent

Threats

- Resistance from traditional market
intermediaries

- Cybersecurity risks and data misuse

Table A.2: Swot analysis Case Study 2: Cargil Cocoa Promise

¢ Case Study 3: Fairtrade & Rainforest Alliance

Strengths

Weaknesses

- Recognized ethical and sustainability
standards

- Empowerment through producer networks

- Advocacy for living income and social
inclusion

Opportunities

53

- Traceability often ends at cooperative level

- Difficult to monitor entire downstream
supply chain

- Certification audit costs are high for small
cooperatives

Threats



- Advocacy influence can shape traceability
legislation

- Multi-country coverage for impact
comparison

- Market saturation of similar certifications

- Non-compliance can lead to decertification

Table A.3: Swot analysis Case Study 3: Fairtrade & Rainforest Alliance

¢ Case Study 4: FarmForce

Strengths

Weaknesses

- Mobile-first design suitable for rural
environments

- Customizable for multiple commodities

- Offers integration with compliance
documentation

Opportunities

- Cross-sector
potential investment

applications  expand

- Increasing demand for transparent supply
chains

Table A.4: Swot analysis Case Study 4: FarmForce

¢ Case Study 5: Sourcemap

Strengths

- Requires reliable mobile connectivity

- Training needs are significant for new
users

- Scalability in fragmented markets can
be slow

Threats

- Rapid tech changes may outpace user
adoption

- Data privacy concerns in multi-actor
environments

Weaknesses

- Not tailored to smallholder-heavy
environments

- Full-chain mapping from source to final
product

- Expensive for smaller cooperatives or
producers

- Visual traceability for consumer and client
transparency

- Requires continuous data feeding
Threats

- Partnerships with global brands for scale - Intellectual property
ownership disputes

- Blockchain-ready integration
Opportunities
and data
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- Suitable for ESG reporting frameworks - Potential exclusion of analog supply
chain actors

Table A.5: Swot analysis Case Study 5: Sourcemap

APPENDIX B: Python Code for Visualizations Survey
simulation

% Heatmaps & correlation matrix :

[2]: import pandas as pd
import numpy as np
import matplotlib.pyplet as plt
import seaborn as sns

# Set seed for reproducibility
np.random. seed (42)

# Simulate data for 100 participantis
n = 100
roles = np.random.choice(['Farmer', 'Cooperative Manager', 'Exporter'], size=n,,
p=[0.6, 0.25, 0.15])
smartphone_access = np.random.choice(['Yes', 'No'l, size=n, p=[0.72, 0.281)
familiar qr = np.random.choice(['Yes', 'No'l, size-n, p=[0.35, 0.65])
used_app = np.random.choice(['Yes', 'No'], size=n, p=[0.41, 0.59])
willing adopt = np.random.choice(['Yes', 'No'l, size=n, p=[0.82, 0.18])
obstacles = np.random.choice(['Lack of Training', 'Poor Network', 'Cost',.
'Complexity'], size=n,
p=[0.35, 0.30, 0.20, 0.15]1)

# Create DataFrame
df = pd.DataFrame({
'Role': roles,
'Smartphone_Access': smartphone_access,
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'Familiar QR': familiar_gr,
'Used_App': used_app,
'Willing_to_Adopt': willing_adopt,
'Obstacle’: obstacles

B

# Encode categorical Yes/No as binary for correlation
df_encoded = df.copy()
yes_no_cols = ['Smartphone_ Access', 'Familiar QR', 'Used_ipp',.
~'Willing_to_Adopt']
for col in yes_no_cols:
df_encoded[col] = df_encoded[col] .map({'Yes': 1, 'No': 0})

# Optionally encode obstacles
df_encoded['Obstacle Code'] = df_encoded['Obstacle'] .map({
'Lack of Traiming': 1,
'"Poor Network': 2,
'Cost': 3,
'Complexity’': 4
B

# Correlation Matriz
corr = df _encoded[[’Smartphone_Access', 'Familiar QR', 'Used_App',.L
~'Willing_to_Adopt', 'Obstacle_Cede'll.corr(}

# Plot Heatmap

plt.figure(figsize=(8, 6))

sns.heatmap(corr, annot=True, cmap='coolwarm', linewidths=0.5)
plt.title('Correlation Matrix: Digital Traceability Survey Variables')
plt.tight_layout()

plt.show()

¢ Bar charts for adoption rates

[7]1: import pandas as pd
import matpletlib.pyplot as plt

# Load data
excel_path = "Digital_Traceability_Coceca_Thesis_Data.xlsx"
adoption_df = pd.read_excel(excel_path, sheet_name='Adoption by Region')

# Bar Chart: Using Digital Traceability per Region

plt.figure(figsize=(10, 6))

plt.bar(adoption_df ['Region'], adoption_df['Using Digital Traceability'l,.
.color="teal"')

plt.title('Adoption of Digital Traceability by Region')

plt.xlabel('Region')

plt.ylabel('Number of Farmers Using Digital Traceability')

plt.xticks(rotation=45)
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[a]:

import pandas as pd

import matplotlib.pyplot as plt

# Load data

excel_path = "Digital_Traceability_Cococa_Thesis_Data.xlsx"
adoption_df = pd.read_excel(excel path, sheet_name='Adoption by Region')

# Bar Chart

plt.figure(figsize=(10, 6))
= plt.bar(adoption_df ['Region'], adoption_df['Using Digital,,
~Traceability'], color='teal')

bars

# Add value labels on top of each bar
for bar in bars:
yval = bar.get_height()
plt.text(bar.get_x() + bar.get_width()/2, yval + 2, int{(yval), ha='center',,
~va='bottom', fontsize=10)

Flt.

title('Adoption of Digital Traceability by Region')
plt.xlabel({'Region')

plt.ylabel('Number of Farmers Using Digital Traceability')
plt.xticks{rotation=4E)

plt.
Flt.

tight_layout()

show()

«* Obstacle distribution:

count
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count
5 3

8
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No
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8 3

count
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APPENDIX C: Regional Traceability Data (Simulated)

+» Table of Regional Cocoa Production & Traceability Adoption

Region Annual Yield Digital Traceability System Used
(Tonnes) Adopted?

Abengourou 12,000 Yes QR + Mobile App

Daloa 18,000 No Paper-Based

San Pedro 25,000 Yes Blockchain System

Pilot
Soubre 20,000 Partial Mixed System
Aboisso 10,000 No Paper-Based

Table C.1: Regional Cocoa Production & Traceability Adoption
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+ Regional Data Table

[1]:

# Import required libraries
import pandas as pd

import seaborn as sne

import matplotlib.pyplet as plt

# Set style for better looking plots
sns.set_style("whitegrid")
plt.rcParams[' figure.figsize'] = (12, 6)

# Create the dataset directly in memory
cocoa_data = {

'region': ['San-P&dro', 'Soubré', 'Dalea’,

' Agboville', 'National Total'],

'Abengourcu’, 'Gagnea', 'Dive’,.

'farmers_covered' : [80000, 75000, 60000, 45000, 30000, 50000, 20000,

5000001,

'total_farmers': [150000, 130000, 200000, 120000, 140000, 160000, 90000,

15000007,

'adoption_rate': [63, BB, 30, 38, 21, 31, 22, 33],
'primary_certification': ['Rainforest', 'Fairtrade', 'UTZ', 'Organic',,

."None', 'UTZ', 'Nome',6 'Mixed'l],

'avg_farm size': [3.2, 2.8, 3.5, 2.5, 4.1, 3.0, 2.2, 3.21,
'yield ke ha': [450, 420, 380, 410, 350, 390, 330, 400]

# Create DataFrame
df = pd.DataFrame (cocoa_data)

# Display the data
print("Preview of the dataset:")
display(df .head(8))

# Plot 1: Adoption Rate by Region

print("\nPlot 1: Adoption Rate by Region and Certificatiomn")

plt.figure (figeize=(14, 7))
ax = sns.barplot(

data=df [df ['region'] != 'National Total'l],

x='region',
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y='adoption_rate',
hue='primary_certification’',
palette='muted'
)
plt.title('Digital Traceability Adoption in Ivory Coast Cocoa Farming (2023)',,
fontsize=16, pad=20)
plt.xlabel('Region', fontsize=12)
plt.ylabel('Adoption Rate (J)', fontsize=12)
plt.xticks(rotation=45, ha='right')
plt.legend(title='Certification', bbox_to_anchor=(1.05, 1), loc='upper left'}
sns.despine()
plt.tight_layout ()
plt.show()

# Plot 2: Yield vs Adoption Rate
print("\nPlot 2: Yield vs Adoption Rate with Farm Size")
plt.figure (figsize=(14, 7))
scatter = sns.scatterplot(
data=df [df ['region'] != 'Natiomnal Total'],
x="'adoption_rate',
y='yield kg ha',
hue='region',
size='avg farm size',
sizes=(E0, 3000,
palette='tablO',
alpha=0.8
)
plt.title('Cocoa Yield vws Digital Traceability Adoption Rate', fontsize=16,
;pad=20)
plt.xlabel('Adoption Rate (%)', fontsize=12)
plt.ylabel('Yield (kg per hectare)', fontsize=12)
plt.legend(bbox_to_anchor=(1.05, 1), loc='upper left')
plt.grid(True, linestyle='--', alpha=0.3)
=ns.despine()
plt.tight layout ()
plt.show()

# Plot 3: Certification Distribution

print("\nPlot 3: Certification Distribution")

cert_df = df [~df ['primary_certification'].isin{['None', 'Mixed'])]
cert_counts = cert_df['primary_certification'].value_counts()

plt.figure (figsize=(8, 8))
plt.pie(
cert_counts,
labels=cert_counts.index,
autopct="%1.1£%%" ,
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startangle=90,
colors=sns.color_palette('pastel'),
wedgeprops={'edgecolor': 'white', 'linewidth': 1},
textprops={'fontsize': 12}
)
plt.title('Sustainability Certification Distribution\n(Excluding,,
MHon—Certified)', fontsize=16, pad=20)
plt.tight_layout()
plt.show(}

region farmers_covered total farmers adoption_rate primary_certification avg_farm_size yield_kg ha

San-Pédro 80000 150000 53 Rainforest
Soubré 75000 130000 58 Fairtrade
Daloa 60000 200000 30 Utz
Abengourou 45000 120000 38 Organic
Gagnoa 30000 140000 21 None

Divo 50000 160000 31 uTZ
Agboville 20000 90000 22 None
National Total 500000 1500000 33 Mixed

Table C.2: regional data table
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APPENDIX D: Key Numerical Data on Digital Traceability in Cote
d’Ivoire’s Cocoa Sector

% Survey Participants by Supply Chain Role

Role Number of Respondents % of Total
Cocoa Farmers 50 50%
Cooperative Heads 20 20%
Exporters 15 15%
Warehouse Staff 10 10%
Government/NGO 5 5%

Total 100 100%

Table D.1: Survey Participants by Supply Chain Role
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[1]:

Adoption Rates of Digital Traceability Tools in Céte d’Ivoire 2023:

import matplotlib.pyplot as plt
import numpy as np

# Data for the chart
tools = ['GPS Mapping', 'Mobile Data Apps', 'RFID Tags', 'Central Dashboard']

adoption rates = [22, 12, 7, 4] # in percent

# Create bar chart

fig, ax = plt.subplots(figsize=(8, 5))

bars = ax.bar(tools, adoption_rates, color=['#4c72b0', '#55a868', '#c44e52',
V' #E8172b2'1)

# Add velue labels
for bar in bars:
yval = bar.get_height()
ax.text(bar.get_x() + bar.get_width()/2, yval + 0.5, £'{yvalli',,
sha="center', va='bottom')

# Chart formatting

ax.set_title('Adoption Rates of Digital Traceability Tools in Céte d’Ivoire,
+(2023) ')

ax.set_ylabel('Adoption Rate (%)')

ax.set_ylim(0, max(adoption_rates) + 10)

ax.spines[['right', 'top']l].set_visible(False)

plt.xticks(rotation=15)

plt.tight_layout ()

plt.show()
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[4]:

« Percentage Adoption of Digital Traceability Tools:

# Bar Chari 2: Percentage Adoption (Relative to Target Population)
percentage_labels = [
'Registered Cocoa Farmers (out of 1M)',
'GPS-Mapped Farms (out of 1M)',
'Farms with QR Tags (out of 1M)',
'Mobile Transactions (out of 1IM)',
'Coops Using Digital Platforms (out of 2,300)',
'Exporters Using Blockchain (out of 100)',
'Monitoring Dashboards (out of 50)'
]
percentage_values = [80, 40, 15, 30, 47.83, 15, 18] # percentage values

plt.figure(figsize=(12, 6))
bars = plt.bar(percentage_labels, percentage_values, color='lightgreen')
plt.xticks(rotation=45, ha='right')
plt.title('Percentage Adeption of Digital Traceability Tools')
plt.ylabel('Adoption Percentage (%)')
for bar in bars:
yval = bar.get_height()
plt.text(bar.get_x() + bar.get_width() / 2, yval + 2, £'{yval:.1£f}}',.
~ha="center', va='bottom')
plt.ylim(0, 100)
plt.tight_layout()
plt.show()
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+ Adoption of Digital Traceability Measures (Absolute Numbers):

[61: # Re-impori required libraries after code ewecuiion siate resei
import matplotlib.pyplet as plt
import numpy as np

# Data from Table: Key Numerical Daia on Digital Traceability in Cdie,
«+d’Tvoire’s Cocoa Sector
labels = [
'Registered Cocoa Farmers',
'GPS-Mapped Farms',
'Farms with QR Tags’,
'Mobile Tramsactions',
'Active Cooperatives',
'Coops Using Digital Platforms',
'Exporters Using Blockchain',
'Monitoring Dashboards Deployed’
]
values = [800000, 400000, 150000, 300000, 2300, 1100, 15, &1
percentages = [80, 40, 15, 30, 2300, 1100, 15, 8] # assuming absolute values,
= for count

# Bar Chart 1: Absolute Numbers

plt.figure(figsize=(12, 6))

bars = plt.bar(labels, values, color='skyblue')

plt.xticks(rotation=45, ha='right')

plt.title('Adoption of Digital Traceabilitv Measures (Absolute Numbers)')

plt.text(bar.get_x() + bar.get_width() / 2, yval + 20000, f'{yval:.,}',.
~ha='center', va='bottom')
plt.tight_layout()
plt.show()

65



¢ Extended Key Metrics in Céte d'Ivoire's Cocoa Traceability Programs:

[6]: import matplotlib.pyplot as plt
import pandas as pd

# Eziended data for digital iraceabiliiy in Cdte d'Ivoire’s cocoa sector

data = {
"Metric": [
"Cocoa Farmers Registered", "GPS-Mapped Farms", "Traceable Cocoa,
=Volume",
"Cooperatives Participating", "Mobile App Users", "Training Sessions,

~+Conducted",
"QR/RFID Cocoa Bags Distributed", "Blockchain Pilots", "Field Agents,
~=Deployed"
15
"Value": [
8560000, 650000, 700000, 1200, 500000, 9500, 12000000, 15, 1800

}

# Create DataFrame
df = pd.DataFrame(data)

# Plot bar chart
plt.figure(figsize=(12, 6))

bars = plt.bar(df["Metric"], df["Value"], color='saddlebrown')
plt.xticks(rotation=45, ha="right")

plt.ylabel("Count / Units")

plt.title ("Extended Key Metrics in Céte d'Ivoire's Cocoa Traceability Programs")
plt.tight_layout()

# Annotate bars
for bar in bars:
yval = bar.get_height()
plt.text(bar.get_x() + bar.get_width()/2.0, yval + 10000, f'{int(yval):,}',.
~»ha='center', va='bottom', fontsize=8)

plt.grid(axis="y', linestyle='--', alpha=0.7)
plt.show()
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¢ Key Metrics in Cote d'Ivoire's Cocoa Traceability Programs:

[7]1: import pandas as pd
import matplotlib.pyplot as plt

# Data from the ifable
data = {
"Indicator": [

"Total cocoa farmers identified",
"Farmer ID cards distributed",
"Cocoa production area mapped (ha)",
"Traceability to plot level (%",
"Directly sourced exports ()",
"Cooperatives in traceability pilots",
"Exporters in pilots",

"Farms near protected forests",
"Plots in blockchain pilots",
"Farmers in blockchain pilets",
"Fairtrade farmers in pilot"
1
"Value": [
1050000,
800000,
2300000,
82,
35,
580,
22,
240570,
45000,
35000,
43930

}

# Create a DataFrame
df = pd.DataFrame(data)

# Create bar chart

fig, ax = plt.subplots(figsize=(12, 8))

bars = ax.barh(df["Indicator"], df["Value"]l, color="teal")
ax.set_xlabel("Value")

ax.set_title("Key Metrics in Cote d'Ivoire's Cocoa Traceability Programsr)
ax.invert_yaxis() # Highest value on top

# Add value labels to the bars
for bar in bars:
width = bar.get_width()
ax.text(width + 10000, bar.get_y(} + bar.get_height() / 2,
£'{int (width):,}', va='center')

plt.tight_layout ()
plt.grid(axis="x', linestyle='--', alpha=0.7)
plt.show()



APPENDIX E: Digital Traceability in Cote d’Ivoire’s Cocoa Sector

+»» Farmer Feedback on Digital Traceability System:

Criteria Positive Feedback
(%)

Ease of Use 60%

Transparency 80%

Payment Speed 70%

Data Privacy 20%

Concerns

Neutral
(%)

25%
10%
20%

40%

Table E.1: Farmer Feedback on Digital Traceability System
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Negative Feedback
(“o0)

15%
10%
10%

40%



[1]: import pandas as pd
import matplotlib.pyplot as plt

# Load the Ezcel file
excel_path = "Digital_Traceability_Cocoa_Thesis_Data.xlsx"
feedback df = pd.read_excel(excel path, sheet_name='Farmer Feedback')

# Set Criteric as index
feedback df.set_index('Criteria’, inplace=True)

# Ploi stacked bar chart

feedback_df.plot(kind='bar', stacked=True, figsize=(10, 6), colormap='tabl0d')
plt.title('Farmer Feedback on Digital Traceability System')
plt.ylabel('Percentage of Responses')

plt.xlabel('Criteria')

plt.xticks(rotation=30)

plt.legend(title="Sentiment")

plt.tight_layout()

plt.show(}

+* Verification Time: Blockchain vs Manual:

Supply Chain Time to Verify Origin Time to Verify (Non-  Error

Stage (Blockchain) Blockchain) Rate (%)
Farmer to 5 min 2 days 2%

Coop

Coop to 10 min 3 days 5%
Exporter

Exporter to 15 min 1 week 8%

Port

Table E.2: Blockchain vs Manual
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[2]: import pandas as pd
import matplotlib.pyplet as plt
import numpy as np

# Load the Excel file and sheet
excel_path = "Digital_Traceability_Cocca_Thesis_Data.xlsx"
tech_sim_df = pd.read_excel(excel path, sheet_name='Tech Simulation')

# Convert time sirings to hours
time_mapping = {
'6 min': 5/60, '10 min': 10/60, '15 min': 15/60,
'2 days': 48, '3 days': 72, '1 week': 168
}
tech_sim df['Verification Time (Blockchain)'l = tech sim_df['Verification Time,
=+ (Blockchain) '] .map(time_mapping)
tech_sim df['Verification Time (Manual)'] = tech_sim df['Verification Time,
=+ (Manual) '] .map(time mapping)

# Plot grouped bar chart
x = np.arange(len(tech_sim_df['Process Stage']))
width = 0.3b

fig, ax = plt.subplots(figsize=(10, €))
ax.bar(x - width/2, tech sim df['Verification Time (Blockchain)'], width,,,
~label="Blockchain', color='green')

ax.bar(x + width/2, tech_sim_df['Verification Time (Manual)'], width,,
-, 1abel='Manual', color='red')

ax.set_ylabel('Verification Time (Hours)')
ax.set_title('Verification Time: Blockchain vs Manual')
ax.set_xticks(x)

ax.set_xticklabels(tech sim df['Process Stage'], rotation=30)
ax.legend()

plt.tight_layout ()
plt.show()
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+»+ Stakeholder Participation in Traceability Implementation:

Role Number of People

Cocoa Farmers

Cooperative Heads

Exporters
Warehouse Staff
Government/NGO

Table E.3: stakeholder participation

B]:

import pandas as pd
import matplotlib.pyplot as plt

50
20
15
10

5

# Load the Excel file and correct sheet
excel_path = "Digital_Traceability_Cocoa_Thesis_Data.xlsx"
df = pd.read_excel (excel_path, sheet_name='Stakeholders')

Percentage (%)

# Clean and convert 'Percentage (4)' column

df ['Percentage (¥)'] = pd.to_numeric(
df['Percentage (%)'].astype(str).str.replace('%',

werrors="coerce’

# Drop any rows wilth missing percentage

df = df.dropna(subset=['Percentage (%)'1)

# Plot pie chart
plt.figure(figsize=(8, 8))

50
20
15
10

, regex=True),

plt.pie(df['Percentage (%)'l, labels=df['Role'l, autopct='¥%1.1£%%",.

.startangle=140)

plt.title('Stakeholder Participation in Traceability Implementation')

plt.tight_layout ()
plt.show()
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K/

«* Adoption of Digital Traceability by Region:

Region Using Digital Traceability = Technology Used
Abengourou Yes QR + App
Daloa No Manual
San Pedro Yes Blockchain
Soubre Partial Mixed
Aboisso No Manual

Table E.4: Adoption of digital traceability by region

[7]1: import pandas as pd
import matplotlib.pyplot as plt

# Load data
excel_path = "Digital_Traceability_Cocoa_Thesis_Data.xlsx"
adoption_df = pd.read_excel(excel_path, sheet_name='Adoption by Region')

# Bar Chari: Using Digital Traceabiliiy per Region

plt.figure(figsize=(10, 6))

plt.bar(adoption_df['Regicn'], adopticn_df['Using Digital Traceability'l,.
color='teal')

plt.title('Adoption of Digital Traceability by Region')

plt.xlabel('Region')

plt.ylabel('Number of Farmers Using Digital Traceability')

plt.xticks(rotation=45)

plt.tight_layout()
plt.show()

% Performance Comparison: Manual vs Digital Traceability:

Metric Before (Manual) After (Digital)
Traceback Time (days) 7 0.5
Fraud/Error Rate (%) 15 3

Table E.5: Performance comparaison: Manual vs Digital traceability

72



[8]: # Load data
performance_df = pd.read_excel (excel_path, sheet_name='Performance Comparison')

# Plot
import numpy as np

x = np.arange(len(performance_df['Metric'l)) # label locations
width = 0.35 # widih of the bars

plt.figure(figsize=(10, 6))

plt.bar(x - width/2, performance_ df['Before (Manual)'l, width, label='Before
~+(Manual)', color='lightcoral')

plt.bar(x + width/2, performance_ df['After (Digital)'l, width, label='After,
~(Digital)', color='mediumseagreen')

plt.xlabel('Performance Metric')

plt.ylabel('Value')

plt.title ('Performance Comparisen: Manual vs Digital Traceabilitﬂ')
plt.xticks(x, performance_df['Metric'], rotation=45)

plt.legend()

plt.tight_layout ()

plt.show()
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[10]: import pandas as pd
import matplotlib.pyplot as plt
import numpy as np

# Load data
excel_path = "Digital_Traceability_Cocca_Thesis_Data.xlsx"
performance_df = pd.read_excel(excel path, sheet_name='Performance Comparison’)

# Chart setiings
x = np.arange (len(performance df['Metric'l)) # label positions
width = 0.35

# Set up the plot

plt.figure(figsize=(12, 7))

barsi = plt.bar(x - width/2, performance_df ['Before (Manual)'], width,,,
~»label="Before (Manual)', color='indianred')

bars2 = plt.bar(x + width/2, performance_df ['After (Digital)'l, width,.,
~+label="'After (Digital)', color='seagreen')

# Add labels above each bar
for bar in barsi:
plt.text(bar.get_x() + bar.get_width()/2, bar.get_heipght() + 1, f'{bar.
~get_height():.1f}",
ha='center', va='bottom', fontsize=10)

for bar in bars2:
plt.text(bar.get_x() + bar.get_width()/2, bar.get_heipght() + 1, f'{bar.
~get_height():.1f}",
ha='center', va='bottom', fontsize=10)

# Add titles and labels

plt.title('Performance Comparison: Manual ws Digital Traceability', fontsize=14)
plt.xlabel('Performance Metric', fontsize=12)

plt.ylabel('Measured Value', fontsize=12)

plt.xticks(x, performance df['Metric'], rotation=45, fontsize=10)
plt.yticks(fontsize=10)

plt.legend(fontsize=11)
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