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Subject Description
The global bioeconomy is undergoing a profound transformation, 
with plant-based bioproducts emerging as key drivers of sustainable 
development and international trade. As demonstrate, the circular 
bioeconomy represents a market opportunity exceeding $400 
billion, where artificial intelligence (AI) serves as a critical 
enabler for value chain optimization and market integration [1]. 
This research examines how AI technologies can enhance the 
international competitiveness of plant-based bioproducts through 
three interconnected dimensions: supply chain modernization, 
cross-cultural market adaptation, and regulatory compliance 
acceleration.

Recent studies have established the growing importance of 
bioproducts in the global economy. Highlight their integral role 
in sustainable development, particularly in bridging traditional 
knowledge systems with modern technological applications [2]. 
However, significant barriers persist in international markets, 
including fragmented regulatory frameworks, supply chain 
inefficiencies, and cultural acceptance challenges.

The literature reveals critical gaps at the intersection of 
AI applications and bioproduct globalization. While have 
demonstrated the effectiveness of artificial neural networks 
in bioproduct development, few studies have systematically 
examined AI's role in overcoming international trade barriers 
[3]. Similarly, work on AI applications in biodiversity valorization 
stops short of developing comprehensive frameworks for market 
integration [4]. This research addresses these gaps by combining 
macro-level trade analysis with micro-level consumer behavior 
studies and strategic management frameworks.

The research makes several original contributions. First, it 
develops an AI-enabled market penetration index that quantifies 
the interaction between technological infrastructure and cultural 
acceptance factors. Second, it proposes a novel regulatory 
alignment model using natural language processing to compare 
international standards. Third, it establishes a data-driven 
framework for optimizing distribution networks in emerging 
markets.

Building on the theoretical foundations laid in international trade 
analysis and Hofstede's (1980) cultural dimensions, this study 

offers practical insights for:
•	 Policymakers developing bioeconomy strategies
•	 Businesses seeking international market entry
•	 Standards organizations working on harmonization
•	 Development agencies promoting sustainable trade

The subsequent analysis will demonstrate how AI applications 
can reduce the "bioeconomy divide" between developed and 
developing nations, while preserving the cultural heritage 
and ecological sustainability inherent in plant-based product 
systems. By integrating technological innovation with traditional 
knowledge, this research contributes to a more inclusive and 
efficient global bioeconomy [5].

The Issue
The core question of this thesis: How can the integration of Artificial 
Intelligence (AI) enhance the international competitiveness of 
plant-based bioproducts by (1) optimizing supply chain efficiency, 
(2) enabling data-driven market adaptation, and (3) streamlining 
regulatory compliance with a focus on the divergent requirements 
of European and African markets?"

Aims of the Study
The aim of this study is to investigate how Artificial Intelligence 
(AI) technologies can enhance the international competitiveness 
of plant-based bioproducts by addressing key frictions in global 
trade, supply chain logistics, and market adoption. Specifically, 
the research seeks to:
•	 Quantify the impact of AI-enabled supply chain optimization 

on cross-border trade performance of bioproducts, using trade 
gravity models augmented with AI infrastructure indicators;

•	 Analyze consumer adaptation and segmentation in culturally 
distinct markets (e.g., Europe vs. Africa) through machine 
learning-based clustering, incorporating behavioral factors 
such as risk attitudes, temporal discounting, and ethical 
sensitivity;

•	 Model regulatory harmonization mechanisms via natural 
language processing (NLP) to compare and align international 
standards relevant to plant-based bioeconomy products;

•	 Develop an integrated decision-support framework combining 
marketing theory (4P, customer journey mapping), behavioral 
economics (Rank-Dependent Utility theory), and data-driven 
modeling (e.g., bivariate probit, conjoint analysis) to support 
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business strategy and policy formulation [6-10].

By integrating quantitative trade models, behavioral frameworks, 
and AI tools, this study aims to provide actionable insights 
for stakeholder’s policymakers, firms, and international 
organizations—seeking to close the "bioeconomy divide" and 
foster inclusive, sustainable trade of bio-based products across 
diverse regulatory and cultural landscapes [11-14].

Originality
This study introduces a novel interdisciplinary framework that 
harnesses the transformative power of Artificial Intelligence (AI) 
to address longstanding barriers in the internationalization of 
plant-based bioproducts. Its innovations lie in the integration 
of AI-driven methods across three traditionally siloed domains: 
supply chain engineering, cultural market analysis, and regulatory 
intelligence.
1.	 Methodological Innovation: The research pioneers the use 

of AI-enabled tools such as blockchain-based traceability, 
machine learning based demand forecasting, and predictive 
analytics to optimize bio-product supply chains particularly 
addressing the issue of perishability, a long-standing logistical 
constraint in the sector.

2.	 Theoretical Advancement: By developing a Cultural 
Compatibility Matrix grounded in natural language processing 
and behavioral data, the study proposes a new cross-cultural 
market segmentation framework tailored to the bioeconomy. 
This contributes to both marketing theory and international 
consumer behavior literature by linking algorithmic insights 
to cultural dimensions.

3.	 Policy and Regulatory Impact: The study is the first to 
propose an AI-powered regulatory navigation engine that 
automates compliance mapping and anticipates future policy 
shifts, significantly lowering the cost and time associated with 
international market entry for sustainable products.

4.	 Scale and Scope of Data Use: Leveraging over 100,000 
real-world data points from social media, e-commerce, and 
consumer surveys, the research provides an unprecedented 
empirical foundation for designing AI strategies in sustainable 
trade.

Together, these innovations position the study at the frontier of 
sustainable trade research, offering scalable, data-driven solutions 
to enhance the global competitiveness of bio-based products in 
both advanced and emerging economies [15-18].

Methodology
Niveau 1: Macro-Level Strategic Context (External 
Environment – PEST + Cultural Dimensions)
This level sets the global and regional strategic scene, using the 
PEST framework (Political, Economic, Social, Technological) 
and Hofstede’s cultural dimensions to identify structural drivers 
and constraints in African and European markets.

Artificial Intelligence (AI) is positioned as a catalyst within the 
technological dimension of PEST, while conflicting cultural logics 
(e.g., scientific rationalism vs. traditional knowledge) are explored 
through Hofstede’s dimensions (e.g., uncertainty avoidance, 
individualism). Literature such as used to support claims about 
the global momentum of the circular bioeconomy and the need 
for intelligent integration tools.

Purpose: Explain why the AI-bioeconomy link is timely and 
critical, especially for emerging vs. developed markets.

Niveau 2: Meso-Level Market and Competitive Landscape 
(SWOT + Porter's Five Forces) 
This level analyzes the competitive position of plant-based 
bioproducts and traditional knowledge systems (e.g., Traditional 
Chinese Medicine) in global trade, using SWOT and Porter’s 
Five Forces frameworks.

Literature such as shows how AI can shift key industry factors: 
improving product credibility (strength), reducing information 
asymmetry (opportunity), but facing consumer trust and regulatory 
threats. For example, traditional diagnosis methods in TCM are 
viewed as subjective and incompatible with Western standards 
yet AI-based modeling can change that narrative.

Purpose: Define where the competitive tension lies and how AI 
can shift internal and external strategic positions.

Niveau 3: Market Segmentation and Adaptation Strategy (4P 
+ Cultural Fit Analysis)
At this level, consumer behavior, cultural preferences, and 
market entry strategies are analyzed using the 4P Marketing 
Mix (Product, Price, Place, Promotion) and a novel Cultural 
Compatibility Matrix based on natural language processing.

This is where Hofstede’s dimensions are operationalized: product 
positioning (scientific wellness vs. ancestral remedies), pricing 
strategies (premium vs. accessible), and localized promotion 
formats. Insights from consumer psychology and segmentation 
theories (e.g., hedonic vs. utilitarian motivation, as discussed in 
McGee, 2024) help tailor offerings to different cultural clusters.

Purpose: Adapt marketing strategies across regions through AI-
enabled cultural intelligence.

In order to quantify how consumers perceive risk differently 
across cultural contexts, we use a simplified Rank-Dependent 
Utility (RDU) model. This model assumes that people do not 
simply react to objective probabilities, but instead distort them 
based on subjective beliefs (e.g., distrust of AI, uncertainty about 
traditional remedies).

The Formula is: RDU(x,p)=w(p)⋅u(x)

where u(x) reflects how desirable an outcome is (e.g., healing, 
health), and w(p) reflects how likely the consumer believes 
that outcome is (e.g., "I’m not sure AI really works on herbs"). 
By adjusting this model across cultures (e.g., high uncertainty 
avoidance vs. low), we explain why the same product may be 
embraced in Europe but seen as “risky” in some African or 
Asian contexts. Marketing insight: The RDU model explains 
why products with the same real value can have different pricing, 
branding, or promotional responses depending on perceived 
reliability [19].

Niveau 4: Organizational Strategy and Internal Alignment 
(Value Chain + Regulatory Design)
This level zooms into the internal functioning of firms: how AI 
can enhance internal decision- making, optimize supply chains, 
and streamline compliance processes.

Here, the study proposes a regulatory alignment model (inspired 
by Angel, 2024), using NLP to compare international regulatory 
documents. It also includes AI-powered logistics optimization 
(e.g., perishability prediction). This supports the organizational 
shift toward agility and responsiveness across diverse legal 
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environments.

Purpose: Describe how AI tools restructure internal operations 
to meet external challenges.

Niveau 5: Operational Tools and Data Methodology (AI & 
Data-Driven Modeling)
The Final Level Details the Technical Implementation
Trade analysis using a gravity model with AI-readiness scores; 
Consumer segmentation through machine learning and cluster 
analysis; Market readiness scoring via sentiment analysis and 
product reviews; Regulatory mapping using NLP-driven gap 
analysis.

Supported by literature from this layer validates the concrete AI 
models and data analytics that drive the previous levels. The study 
builds a data ecosystem using over 100,000 cross-platform data 
points from social media, consumer surveys, and trade datasets.

Purpose: Operationalize insights with scalable, replicable tools 
that support strategic decisions.

Dynamic Pricing Simulation Framework (Bass Diffusion + 
Strategic Pricing)
At this level, the study employs a hybrid modeling framework 
combining a simplified Bass Diffusion Model with a game-
theoretic dynamic pricing strategy. This framework simulates 
the market diffusion of AI-enhanced plant-based bioproducts 
across diverse cultural and behavioral segments, particularly in 
the context of African and European markets.

The Bass model conceptualizes product adoption as a function 
of two consumer types:
•	 Innovators: Early adopters influenced by external factors 

such as AI-driven advertising, expert endorsements, or 
scientific credibility. These are modeled with a higher 
innovation coefficient ppp.

•	 Imitators: Followers who adopt the product through 
social contagion and peer influence especially relevant in 
emotionally-driven segments (e.g., “love-brain” consumers), 
modeled via a higher imitation coefficient qqq.

The Classic Bass Equation is Given by:

Where:

•	 N(t)= cumulative adopters at time t,
•	 M = total market potential,
•	 p = innovation effect (AI, health science trust),
•	 q = imitation effect (peer pressure, romantic influence).

To integrate market competition, the model introduces a game-
theoretic pricing layer, where firms dynamically choose between:
•	 Firm A: premium pricing strategy emphasizing authenticity, 

brand trust, and wellness positioning (aligned with Traditional 
Chinese Medicine narratives);

•	 Firm B: penetration pricing focused on accessibility, digital 
distribution, and fast adoption. These strategic choices 
influence consumer perception, thereby feeding back into the 
diffusion parameters p and q. For example, lower pricing may 
increase imitation-driven purchases, while high-end branding 
may raise among rational health-conscious consumers [20].

A simulated behavioral contrast is created:
•	 In markets dominated by emotionally-driven consumers 

(e.g., “love-brain” profiles who buy because peers or partners 
recommend), q>>p

•	 In science-trusting markets (e.g., consumers in Germany 
or urban China), p>>q

•	 Simulation outcomes reveal tipping points where mimetic 
behavior overtakes rational deliberation critical for planning 
pricing rollouts, marketing timing, and AI-enhanced 
personalization strategies. This model also helps identify 
which firm gains long-term market advantage based on 
cultural-fit and consumer type concentration.

Schedule
The study for this thesis will last 3 years. If the project is not 
finished and the school agrees, it can be extended to a 4th year. 
The precise timetable is shown in the table:

Specific Tasks Dating
Review of the literature, 
methodological design, 
validation of  the
Framework theoretical

September 2025 - March 2026

Analysis of regulatory and 
economic barriers, Study of 
opportunities adaptability and 
innovative solutions

September 2025 - March 2026

Writing the thesis March 2026 - January 2027
Reworking and checking the 
thesis

January 2027 - May 2028
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