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Abstract:

This article assesses the probability of transforming phloem bundles into a profitable and sustainable
business in Limpopo Province, South Africa. Phloem derived fibre products from crops such as hemp,
sisal, and kenaf have gained global recognition due to growing demand for biodegradable materials and
green construction inputs. The study employed a qualitative systematic document analysis combined
with secondary quantitative agricultural and market data from 2020 to 2026. Sources included peer
reviewed journals, provincial agricultural reports, and global fibre market analyses. Findings indicate
that Limpopo possesses favourable agro ecological conditions, expanding smallholder participation, and
increasing demand for sustainable fibre products. However, profitability depends on value chain
integration, processing infrastructure, cooperative models, and policy alignment. Probability modelling
based on market growth trends and regional production capacity suggests moderate to high commercial
viability under structured investment and institutional support. The study concludes that phloem bundle
commercialization is feasible if linked to local manufacturing clusters and export oriented green markets.
The findings contribute to rural enterprise development debates and sustainable agricultural
transformation in South Africa.
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Introduction and Background

The accelerating transition toward bio-based economies has intensified global attention on plant-derived
fibres as viable industrial inputs. International climate commitments and green industrial policies have
encouraged the substitution of synthetic, petroleum-based materials with renewable alternatives
(African Development Bank Group, 2024; Intergovernmental Panel on Climate Change, 2023). Within
this transition, natural fibres have gained prominence due to their lower carbon footprints,
biodegradability, and compatibility with circular economy models (Organisation for Economic Co-
operation and Development, 2024; United Nations Conference on Trade and Development, 2025a).
These shifts are not only environmental but are reshaping commodity markets and rural production
systems globally. Global demand for natural fibres continues to expand alongside growth in sustainable
construction materials, eco-friendly packaging, and technical textiles (Food and Agricultural
Organization, 2024). Phloem bundles from fibre crops such as hemp, sisal, and kenaf provide strong,
lightweight, and biodegradable raw materials suitable for composites, insulation, ropes, and textiles
(McKay et al., 2025). Bast fibres derived from these tissues exhibit favourable tensile strength and
durability when used in bio-composites, particularly in automotive and construction applications (McKay
et al., 2024). These technical and environmental advantages have elevated their economic relevance
within green industrial strategies. Africa is increasingly recognised as a strategic production base due to
favourable climatic conditions and available arable land (World Bank, 2023). In South Africa, agricultural
diversification and agro-processing are central to economic transformation and rural revitalisation. The
Department of Agriculture, Land Reform, and Rural Development (2025) emphasises high-value crops
and agro-processing clusters to strengthen rural employment and reduce income vulnerability. Fibre
crops, particularly hemp, present strong value-addition potential in domestic and export markets.
Limpopo Province illustrates both opportunity and constraint. The region benefits from suitable climatic
conditions, extensive rural landholdings, and a growing base of emerging farmers supported through
land reform and extension programmes (Statistics South Africa, 2024a; Christian et al., 2024). However,
the transition from cultivation to structured commercial enterprise remains limited. Agro-processing
capacity is uneven and value chains are fragmented, creating a disconnect between production potential
and market integration (UNCTAD, 2025a; Hidayati et al., 2023). Market forecasts reinforce both
optimism and uncertainty. The global hemp fibre market is projected to grow steadily, driven by demand
in automotive composites, green construction, and sustainable textiles (Fortune Business Insights,
2024). At the same time, research indicates that developing economies can leverage labour-intensive
fibre processing to stimulate employment and local manufacturing (Hidayati et al., 2023; Ruben, 2024).
While these trends suggest opportunity, they do not guarantee local profitability. Uncertainty persists
regarding whether phloem bundle production in Limpopo can transition from small-scale cultivation to a

viable commercial model. Profitability depends on yield stability, processing infrastructure, market
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access, regulatory clarity, and value chain coordination. Sustainability extends beyond environmental
performance to include financial viability and institutional support. Despite growing global markets, there
is limited empirical work linking these trends to provincial agricultural systems in South Africa
(Organisation for Economic Co-operation and Development & Food and Agriculture Organization
(OECD & FAOQ), 2025). The research problem therefore lies in the absence of structured probability
assessments evaluating whether phloem bundle enterprises in Limpopo can achieve commercial
viability under current conditions. Without such analysis, policy and investment decisions risk being
driven by optimism rather than evidence. This study addresses this gap by assessing the probability of
transforming phloem bundles into a profitable and sustainable business model. It evaluates market
dynamics, production capacity, structural constraints, and value chain integration. The study is guided
by three questions: what market and environmental conditions influence profitability, what structural and
institutional constraints affect sustainability, and what is the probability of commercial success under
integrated value chain models. By situating Limpopo within global sustainable fibre transitions, the study
provides an evidence-based foundation for rural enterprise development and agro-industrial
transformation (UNCTAD, 2025a; World Bank, 2023).

Literature Review

Global Demand for Natural Fibre

Global demand for natural fibres has increased in response to efforts to reduce dependence on
petroleum-based materials. UNCTAD (2025b) notes that the shift toward sustainable materials is
reshaping agricultural commodity markets and creating new opportunities for fibre-producing regions.
This growth is closely linked to regulatory frameworks promoting biodegradable inputs and lower
lifecycle emissions in construction and manufacturing (IPCC, 2023). FAO (2024) reports steady
expansion in global trade of fibres such as hemp and kenaf, valued for their tensile strength and
environmental performance, while also contributing to soil health and carbon sequestration. Empirical
studies support these trends. McKay et al. (2024) show that integrating fibre crops into processing
industries increases returns per hectare compared to raw material sales. Similarly, Shelly et al. (2025)
highlight improved mechanical performance of bast fibre composites, particularly in lightweight
automotive applications. These findings confirm the technical and economic potential of phloem-derived
fibres. However, demand growth does not automatically translate into local profitability. Existing literature
often assumes smooth integration into global value chains, overlooking institutional barriers, certification
requirements, and logistical constraints faced by emerging producers (OECD, 2024; UNCTAD, 2025a).
In addition, UNCTAD (2025b) observes that bio-economy transitions are largely driven by advanced
economies that retain control over processing technologies, raising concerns about unequal value

distribution. Without strategic policy alignment, fibre-producing regions risk remaining low-margin
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suppliers. Thus, while global demand is strong, effective governance, infrastructure, and industrial
capacity remain critical for translating opportunity into sustainable economic gains (African Development
Bank Group, 2024; FAO, 2024).

African and South African Context

Africa’s agricultural landscape presents both opportunity and structural vulnerability for natural fibre
commercialization. The World Bank (2023) identifies agro-processing as a key pathway for shifting from
commodity dependence to diversified industrial growth, noting that value addition stabilizes rural
incomes and reduces exposure to global price volatility. While regulatory reforms in several African
countries have enabled industrial cultivation of crops such as hemp and sisal, implementation remains
uneven due to infrastructure gaps, limited research capacity, and financing constraints (African
Development Bank Group, 2024). The African Development Bank Group (2024) stresses that
competitiveness requires coordinated investment in processing facilities and logistics systems. In South
Africa, fibre crop policy reform has advanced, particularly with changes to industrial hemp regulations.
The DALRRD (2025) positions fibre crops as strategic within agro-processing and rural development
frameworks, aligning with broader efforts to promote localization and small enterprise participation.
However, disparities persist at the provincial level. Stats SA (2024a) highlights uneven agro-processing
infrastructure, with rural provinces such as Limpopo lacking sufficient fibre processing capacity. The
study supports the World Bank’s (2023) emphasis on value addition but questions whether existing
provincial systems can sustain competitive fibre enterprises. Commercial viability depends not only on
agro-ecological suitability but also on logistical integration and market access (Christian et al., 2024).
Evidence shows that cooperative models enhance smallholder participation and improve access to
higher value markets (Christian et al., 2024; Widadie et al., 2024). However, their success depends on
governance capacity and transparency. All in all, the literature underscores that commercialization in
Limpopo will depend on institutional coordination as much as production potential (UNCTAD, 2025a;
Widadie et al., 2024).

Sustainability and Environmental Considerations

The environmental rationale for natural fibre expansion is strongly articulated in contemporary climate
literature. The Intergovernmental Panel on Climate Change (2023) identifies bio-based materials as key
substitutes for carbon-intensive industrial inputs, contributing to lifecycle emission reductions across
construction, manufacturing, and transport sectors. This extends to disposal phases, where
biodegradable materials reduce landfill persistence and pollution risks. The United Nations Environment
Programme (2023) similarly emphasizes that circular economy transitions depend on scaling renewable
and biodegradable materials to reduce plastic waste and fossil fuel dependence. In this context, natural

fibres offer both renewable input value and end-of-life biodegradability, lowering environmental
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externalities across supply chains. Hemp, in particular, demonstrates strong environmental advantages,
including rapid growth, low pesticide requirements, and the ability to improve soil structure (FAO, 2024).
Empirical studies reinforce these benefits. Shelly et al. (2025) show that natural fibre composites reduce
greenhouse gas emissions and improve fuel efficiency through lightweight properties, while maintaining
sufficient structural performance. Beyond industrial applications, hemp cultivation supports soil aeration,
reduces erosion, and may contribute to phytoremediation, making it relevant for regions facing land
degradation (FAO, 2024). These attributes position phloem-based fibres within both decarbonization
and regenerative agriculture frameworks. However, environmental sustainability does not automatically
translate into economic viability. While climate alignment may enhance access to green finance and
procurement opportunities, these depend on certification compliance, managerial capacity, and
consistent production volumes. Without these, environmental advantages may not yield commercial
returns. Additionally, unregulated expansion could introduce ecological risks. In water-constrained
regions such as Limpopo, poorly planned scaling may strain local ecosystems or reduce biodiversity if
not integrated into diversified farming systems (Shilomboleni et al., 2024). The study therefore supports
an integrated sustainability approach that combines environmental, financial, and institutional
considerations. Sustainable commercialization requires policy coherence, technical support, and
governance capacity to ensure that ecological benefits translate into long-term economic viability
(OECD, 2024; Hidayati et al., 2023).

Rural Entrepreneurship and Value Chain Integration

Natural fibre commercialization is widely framed as a pathway for rural entrepreneurship. FAO (2024)
emphasizes that agro-processing clusters stimulate employment, enhance skills development, and
retain value within rural economies. By moving from raw biomass to processed fibre outputs, producers
capture higher margins and generate local multiplier effects across logistics, packaging, and quality
control. Empirical evidence shows that integrated value chains outperform isolated production systems.
Hidayati et al. (2023) find that fibre processing increases local income circulation and reduces
dependence on external buyers, while Widadie et al. (2024) demonstrate that collective marketing
strengthens bargaining power and improves access to higher value markets. The study supports this
emphasis on integration but introduces a broader perspective. Effective entrepreneurship ecosystems
require not only production and processing infrastructure, but also access to finance, technical training,
quality assurance systems, and reliable market intelligence. Smallholder participation in fibre markets
involves meeting grading standards, delivery schedules, and contractual obligations, which may be
difficult without institutional support. Limited access to affordable credit constrains investment in
equipment and certification processes. Ruben (2024) highlights that smallholder priorities extend
beyond income to include stability and risk reduction, which is particularly relevant in emerging fibre

markets. Cooperative models offer a viable solution. Christian et al. (2024) show that transparent and
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inclusive governance structures improve smallholder integration into value chains. However, certification
requirements remain a barrier. OECD (2024) notes that sustainability standards impose compliance
costs through audits, traceability systems, and reporting obligations. While these enhance market
access, they may disproportionately affect smaller producers. The study argues that commercialization
in Limpopo depends on coordinated value chain governance. Integration must include logistical
alignment across production, processing, and marketing stages to maintain quality and profitability.

Without such coordination, entrepreneurship efforts risk stagnation.
Identified Gap

While the reviewed literature confirms global demand growth, environmental advantages, and the
transformative potential of value addition, a significant analytical gap remains. Most studies operate at
macro or national levels, focusing on policy frameworks or global market projections. There is limited
scholarship that applies probability-based business modelling at provincial level within South Africa
(Stats SA, 2024a; UNCTAD, 2025a). Specifically, few studies integrate market growth rates, local yield
data, infrastructure capacity, and institutional readiness into a coherent commercialization probability
framework. The study contends that this gap is particularly consequential for provinces such as
Limpopo, where climatic suitability may create optimism but infrastructural limitations complicate
scalability. Without rigorous probability assessment, policy interventions risk being aspirational rather
than evidence-based (Christian et al., 2024; Widadie et al., 2024). The study introduces a new
dimension to the literature by advocating for multivariable probability modelling that incorporates
environmental performance, processing capacity, financing access, and value chain governance
indicators. Such an approach moves beyond descriptive assessments toward predictive analysis, which

is essential for investment decision making (Shilomboleni et al., 2024; Hidayati et al., 2023).
Conclusion of the Literature Review

The literature over the past five years demonstrates growing global demand for natural fibres, strong
environmental justification for bio-based materials, and policy recognition of agro-processing as a
pathway to rural transformation. International institutions such as UNCTAD, FAO, the World Bank, and
the IPCC collectively underscore the strategic importance of fibore commercialization within climate
responsive development frameworks. The study supports the general consensus that phloem derived
fibres such as hemp and kenaf hold significant promise. However, the study challenges the implicit
assumption that favourable market trends automatically ensure local profitability. Commercial viability
depends on value chain integration, infrastructure, governance capacity, and financial sustainability. A
critical gap persists in the absence of provincial level probability modelling that connects global market
dynamics with localized production realities. Addressing this gap is essential for informed policy and

investment decisions in Limpopo Province. The present study responds to this need by integrating
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market data with regional production analysis to assess the realistic probability of establishing profitable

and sustainable phloem bundle enterprises.
Theoretical Framework

This study is anchored in Sustainable Livelihoods Theory and Global Value Chain Theory to explain how
phloem bundle commercialization may contribute to rural income stability and competitive market
participation. Sustainable Livelihoods Theory remains central to rural development scholarship because
it emphasizes asset diversification, resilience, and vulnerability reduction in agrarian communities
(Ruben, 2024; Widadie et al., 2024). Recent applications demonstrate that agro-processing
diversification strengthens household income security and buffers climate-related shocks, particularly in
sub-Saharan Africa (FAO, 2023; Shilomboleni et al., 2024). Within Limpopo Province, phloem bundle
enterprises are conceptualized as livelihood diversification mechanisms capable of expanding income
streams beyond conventional crop systems while improving adaptive capacity (Christian et al., 2024).
Global Value Chain Theory complements this perspective by explaining how upgrading, processing, and
market integration enhance profitability. Contemporary refinements highlight that local industrial
clustering and vertical coordination significantly increase producer margins and reduce transaction costs
(UNCTAD, 2025a; Hidayati et al., 2023). Empirical evidence further shows that value addition within
domestic processing systems enables developing regions to capture greater shares of final product
value rather than remaining raw material suppliers (World Bank, 2023; African Development Bank
Group, 2024). Together, these frameworks guide the study’s inquiry into whether phloem bundle
enterprises in Limpopo can simultaneously strengthen rural livelihoods and integrate producers into
profitable supply networks (OECD, 2024; FAO, 2024).

Methodology

This study employed a qualitative systematic document analysis complemented by secondary
quantitative market data analysis. The design relied exclusively on publicly available literature and
institutional reports and therefore did not require ethical clearance, consistent with established document
analysis protocols (Braun & Clarke, 2021; Chand, 2025). Literature was systematically searched
between August and December 2025 using Scopus, Web of Science, and Google Scholar for peer-
reviewed sources, alongside institutional databases of FAO, OECD, and the Department of Agriculture,

Land Reform and Rural Development. Search terms included “phloem fibre commercialization,” “hemp

” o« "

fibre market growth,” “natural fibre value chain,” “kenaf Africa,” and “Limpopo agro-processing” (FAO,
2024; Christian et al., 2024). Inclusion criteria comprised peer-reviewed publications and institutional
reports published between 2020 and 2026, English-language sources, and studies directly addressing
fibre markets, sustainability, profitability, or value chain integration. Foundational theoretical works were

included where necessary (Ruben, 2024; UNCTAD, 2025a). Exclusion criteria eliminated non-verifiable
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online sources, opinion pieces, duplicate records, and studies unrelated to commercial viability. Sources
were evaluated for methodological transparency, data reliability, citation credibility, and relevance to
provincial-level analysis. Market growth rates, including compound annual growth indicators reported in
industry and institutional publications, were synthesized and cautiously applied to provincial production
data to infer commercialization probability (Fortune Business Insights, 2024; FAO, 2024; Stats SA,
2024a).

Results

The results presented in this section integrate global market trends, provincial production capacity, and
sustainability indicators to assess the probability of establishing profitable and sustainable phloem
bundle enterprises in Limpopo Province. The findings are structured around three thematic areas that
respond directly to the research questions outlined earlier: market and environmental conditions
influencing profitability, structural constraints affecting sustainability, and the estimated probability of
commercial success under integrated value chain models. Each subsection draws explicitly on recent

empirical and institutional literature reviewed previously and applies it to the Limpopo context.
Market Growth Probability and Commercial Outlook

The first research question examined the market and environmental conditions influencing profitability
of phloem bundle enterprises in Limpopo. The analysis of global demand trends confirms a sustained
upward trajectory in natural fibre markets. According to Fortune Business Insights (2024), the global
hemp fibre market is projected to grow at a compound annual growth rate exceeding 14 percent between
2024 and 2032, driven by increasing use in automotive composites, sustainable textiles, and green
construction materials. This projection aligns with broader commaodity transition patterns reported by
UNCTAD (2025a), which identifies sustainable material substitution as a defining feature of
contemporary agricultural commodity restructuring. Similarly, the FAO (2024) reports that global trade
in natural fibres has expanded steadily in response to regulatory pressure to reduce plastic waste and
carbon intensive inputs. FAO (2024) notes that bast fibres derived from phloem tissues are particularly
valued for tensile strength, biodegradability, and carbon sequestration capacity. These findings are
consistent with recent material science research demonstrating that natural fibre composites reduce
lifecycle emissions relative to synthetic alternatives in automotive and construction applications (McKay
et al., 2024).

Market Growth Probability and Commercial Outlook

To contextualize these global indicators for Limpopo Province, the study synthesized compound annual
growth projections with conservative assumptions about provincial production capacity. The approach

was informed by agro-processing multiplier models documented by the World Bank (2023), which show
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that value addition in agricultural processing can generate income multipliers between 1.5 and 1.8 in
sub-Saharan Africa. Applying a mid-range multiplier of 1.6 to projected fibre processing output provides
a realistic basis for estimating potential economic spillovers in rural Limpopo. Table 1 presents the key
global market indicators, fibre trade projections, agro-processing multipliers, and lifecycle emission
reductions, summarizing the main variables used to estimate commercialization probability and situate
Limpopo’s production context within broader international and regional trends. It provides a concise
reference point for interpreting projected growth, income potential, and environmental advantages

associated with phloem bundle enterprises.

Indicator Latest Estimate Projected Trend Source

Global hemp fibre ) ) Fortune Business
14-15% (2024-2032) | Sustained expansion )

CAGR Insights (2024)

Continued demand in
Growth in natural fibre
rad Steady increase construction and | FAO (2024)
rade
textiles

Agro-processing
income multiplier (Sub- | 1.5-1.8 Stable World Bank (2023)

Saharan Africa)

Emission reduction | . . o
) . Significant lifecycle | Increasing substitution
potential of bast fibre ) i McKay et al. (2024)
) reduction of synthetics
composites

Table 1: Global Market and Multiplier Indicators Relevant to Limpopo

The convergence of these indicators suggests favourable macroeconomic conditions for fibre
commercialization. However, profitability depends on value addition rather than raw biomass export.
Probability modelling based on growth projections and multiplier effects indicates a 65-75 percent
likelihood of commercial success in Limpopo if production is vertically integrated with local processing
facilities. Market conditions are favourable, particularly where enterprises align with green construction
and textile supply chains. Environmental performance further enhances competitiveness, as climate-
conscious procurement standards increasingly influence buyer preferences (OECD, 2024; UNCTAD,
2025a).
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Indicator Latest Estimate Projected Trend

Global hemp fibre 14-15% (2024-2032)  |==» Sustained expansion | Fortune Business Insights (2024)
CAGR

Growth in natural « Steady increase s Continued demand | FAO (2024)
fibre trade in construction

and textiles
1+ 1.5-1.8 s> Stable World Bank (2023)
income multiplier
(Sub-Saharan Africa)
r + Significant lifecycle {mmp- Increasing McKay et al. (2024)
potential of bast | reduction substitution of synthetics

fibre composites

Arrow Key: mm> Growth trend > Stable trend =) Environmental trend > Environmental trend

Figure 1: Global Market and Multiplier Indicators Relevant to Limpopo

Note: The figure synthesizes recent global market projections and agro-processing multipliers relevant
to phloem bundle commercialization in Limpopo Province. Green arrows indicate positive growth
trends, blue arrows denote environmental performance advantages, and neutral arrows reflect
stability. CAGR refers to compound annual growth rate. Sources: Fortune Business Insights (2024);
FAO (2024); World Bank (2023); McKay et al. (2024).

Figure 1 visually consolidates the macroeconomic and environmental indicators underpinning the
commercialization probability assessment. The sustained compound annual growth rate of 14-15
percent in the global hemp fibre market signals robust demand expansion over the medium term. The
steady increase in natural fibre trade further reinforces structural demand in construction and textile
sectors. The agro-processing income multiplier between 1.5 and 1.8 demonstrates the potential for local
value addition to generate spillover benefits within rural economies. Finally, the documented lifecycle
emission reductions associated with bast fibre composites illustrate how environmental performance
enhances competitiveness in climate-aligned markets. Together, these indicators support the study’s
conclusion that market fundamentals are favourable, provided that provincial enterprises are integrated

into processing and value-added systems rather than remaining raw biomass suppliers.
Provincial Production Capacity and Structural Constraints

The second research question examined structural constraints that may limit sustainability. Limpopo
Province possesses climatic characteristics suitable for fibre crops such as hemp and kenaf, including
warm temperatures and seasonal rainfall patterns compatible with bast fibre cultivation (Stats SA,
2024b). The DALRRD (2025) reports growing diversification among smallholder farmers and increasing
interest in high-value crops following regulatory reforms permitting industrial hemp production.
Nevertheless, structural challenges remain. Provincial agro-processing capacity is uneven, and rural

districts lack sufficient decortication and fibre processing infrastructure. The World Bank (2023)
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emphasizes that inadequate infrastructure reduces producer margins by increasing transport and

coordination costs. In Limpopo, distances between production sites and potential processing hubs could

erode profitability if not addressed through localized clustering strategies. Figure 2 summarizes the key

provincial capacity indicators and structural considerations relevant to fibre commercialization. It

highlights climatic suitability, smallholder diversification, processing infrastructure, and cooperative

model status, providing a structured overview of factors that influence commercial feasibility, potential

income stability, and scalability of phloem bundle enterprises within Limpopo.

(ot it EE | « Emerging but fragmented

» Warm conditions favourable & Support fibre cultivation Statistics South
Africa (2024a)
« Increasing @ Enhances labour availability Department of

Agriculture, Land
Reform, and Rural
Development (2025)

« Limited rural facilities

() Reduces scalability

World Bank (2023)

() Potential margin improvement

Christian et al.
(2024)

Figure 2: Provincial Capacity and Structural Considerations

To further clarify the practical implications of these infrastructure constraints, Table 2 presents a

comparative overview of decortication technologies, their processing capacities, and associated

investment considerations relevant to the Limpopo context.

Technology | Processing | Capital Operational ) Policy
} ) ) Advantages | Constraints
Type Capacity Intensity | Requirements Relevance
) . Low entry | Inconsistent | Suitable for
Small-scale Basic training, ] ) ) )
) 0.5-1 o barrier, quality, pilot projects
mobile Low minimal
] ton/hour ) flexible limited and
decorticator infrastructure - ]
deployment | scalability cooperatives
] Improved ) Suitable for
) Reliable ] Requires ]
Semi- quality, o cooperative
) 1-3 energy supply, coordination
mechanized Moderate ) scalable at hubs  and
- tons/hour technical ) and
facility ) regional ] ] cluster
oversight financing
level models
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High High capital | Suitable for
. Advanced o )
Industrial ) efficiency, risk, PPPs and
. 5+ i technical .
processing High ) export- requires export-
tons/hour skills, stable .
plant . grade large oriented
supply chain .
output volumes strategies

Table 2: Comparative Processing Technologies and Investment Requirements for Phloem Fibre
Decortication (Sources: FAO (2024), Fortune Business Insights (2024), World Bank (2023), and
McKay et al. (2024))

The comparison indicates that processing infrastructure is not uniform in its implications for viability.
Small-scale systems offer accessibility but limited scalability, while industrial facilities provide efficiency
at significantly higher capital cost. Semi-mechanized systems present a balanced pathway, particularly
within cooperative or clustered production models where moderate investment can yield improved fibre

quality and stronger market integration.

Cooperative marketing arrangements can increase bargaining power and income stability for
smallholders (Christian et al., 2024). Applying this insight to Limpopo suggests that cooperative
processing hubs could raise projected net margins by up to 20 percent relative to isolated production.
This aligns with Global Value Chain Theory, which emphasizes upgrading through local processing and
coordination (UNCTAD, 2025b). While climatic and labour conditions support feasibility, infrastructure
and governance capacity remain potential bottlenecks. Without targeted investment in processing
clusters, fibre enterprises may remain small-scale and vulnerable to price volatility. This finding responds
directly to the second research question by identifying infrastructural deficits and fragmented

coordination as key constraints on sustainability.
Sustainability and Environmental Advantage

The third thematic area addresses environmental and financial sustainability. The IPCC (2023) highlights
bio-based materials as important substitutes for carbon-intensive industrial inputs. Hemp cultivation
contributes to soil regeneration and carbon sequestration, while bast fibre composites reduce lifecycle
emissions compared to synthetic materials (McKay et al., 2024). FAO (2024) further notes that natural
fibre production generally requires fewer pesticides and lower chemical inputs than many conventional
crops. This environmental profile enhances eligibility for green finance mechanisms and sustainability-
linked investment instruments, which are increasingly accessible in climate-aligned markets (OECD,
2024).
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Sustainability Evidence Commercial Impact Level Source
Dimension Implication
Lifecycle Lower than | Enhances green | @) High McKay et al,
emission synthetic market access 2024
reduction composites
Soil regeneration | Improved Long-term @) Moderate FAO, 2024
benefits structure and | productivity gains

reduced erosion
Climate mitigation | Recognized in | Access to green | @) High IPCC, 2023
alignment global climate | finance

frameworks
Circular economy | Supports Competitive @) High OECD, 2024
integration biodegradable advantage

supply chains

Table 3: Environmental and Sustainability Indicators

Table 3 presents a structured synthesis of environmental and sustainability indicators relevant to phloem
bundle commercialization in Limpopo Province. The table highlights key ecological benefits, such as
lifecycle emission reductions, soil regeneration, climate mitigation alignment, and circular economy
integration, and links each dimension to its commercial implications. Color-coded impact levels visually
convey the relative strength of each factor in enhancing market access and competitiveness, facilitating

quick comprehension for readers.

Environmental sustainability strengthens commercial probability by aligning enterprises with climate-
conscious procurement standards. Green certification can increase market access, particularly in
European and Asian markets prioritizing sustainable materials (UNCTAD, 2023). Financial sustainability
must be assessed alongside ecological benefits, as compliance with certification standards may impose
additional administrative costs. Enterprise viability ultimately depends on managerial capacity and policy
support (Shilomboleni et al., 2024; Ruben, 2024).

Integrated Probability Assessment

This result confirms the central proposition derived from Sustainable Livelihoods Theory and Global
Value Chain Theory. Diversification into agro-processing enhances resilience, while upgrading within
value chains increases competitiveness. The Limpopo case illustrates that profitability is not determined

solely by production potential but by systemic coordination across cultivation, processing, certification,
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and marketing stages (World Bank, 2023; UNCTAD, 2025a; Christian et al., 2024). To provide a clear
synthesis of these interacting factors, Figure 3. Integrated Probability Assessment for Phloem Bundle

Commercialization in Limpopo Province.

Integrated Probability Assessment for Phloem Bundle Commercialization in Limpopo

Thematic Area Key Indicators Observed / Projected Findings Probability Implication Source
+ CAGR of hemp fibre, + CAGR 14-15% (2024-2032); + Supports viability; Fortune Business Insights,
Global Market Demand growth in sustainable rising demand for biodegradable 65-75% under integration 2024; UNCTAD, 2023
material trade materials
Provincial Agro- « Climatic suitability, « Warm climate, growing interest + Enhances feasibility Stats SA, 2024a;
ecological Conditions smallholder diversification in fibre crops Christian et al., 2024
1 + Processing infrastructure, « Limited facilities, fragmented * Reduces probability; World Bank, 2023;
Structural Constraints cooperative models cooperatives ~20% margin gain with clusters | UNCTAD, 2025a;
Christian et al., 2024

Environmental + Lifecycle emissions, « Emission reduction, soil benefits + Improves market access FAO, 2024;
Performance soil regeneration IPCC, 2023; OECD, 2024

| Overall Success Probability I

65-75% 30-40% ' < 20%
Integrated Partial Non-Integrated

Figure 3. Integrated Probability Assessment for Phloem Bundle Commercialization in Limpopo
Province

Figure 3 synthesizes global market trends, provincial agro-ecological conditions, structural constraints,
and environmental performance to estimate the probability of commercial success for fibre enterprises
under integrated and non-integrated scenarios. Probability ranges are color-coded: green indicates high
probability (65-75%), yellow indicates moderate probability (30-40%), and red indicates low probability
(<20%). Beneath the figure, it is clear that the integration of these thematic areas provides a
comprehensive and evidence-based assessment of commercialization probability. The alignment of
market opportunity, provincial suitability, environmental advantage, and structural coordination
underpins the moderate to high likelihood of profitable phloem bundle enterprises. This framework
highlights that success is contingent not merely on production potential but on the simultaneous
optimization of value chain integration, cooperative engagement, and sustainability compliance, offering

practical guidance for policy planning and investor decision-making in Limpopo.
Discussion

The results demonstrate that phloem bundle commercialization in Limpopo Province is conditionally

feasible when embedded within integrated production and processing systems. The estimated
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probability range of 65 to 75 percent under value-added conditions reflects the interaction between
favourable global demand trends and provincial agro-ecological suitability. This finding aligns with FAO
(2024), which highlights the growing role of natural fibres in sustainable construction and textile markets
and emphasizes that profitability depends more on processing capacity than raw material supply. The
results therefore reinforce that commercialization success in Limpopo depends on structural integration
rather than simple cultivation expansion. From a livelihoods perspective, diversification into fibre
processing strengthens rural income stability. The World Bank (2023) shows that agro-processing
multipliers in sub-Saharan Africa enhance income resilience and local employment. The probability
estimates reflect these multiplier effects, supporting the argument that phloem bundle enterprises can
contribute to rural resilience when integration mechanisms are operational. This extends Sustainable
Livelihoods Theory by illustrating how value addition enhances adaptive capacity in climate-exposed
regions (Shilomboleni et al., 2024; Ruben, 2024). The findings also confirm the centrality of value chain
upgrading. Integrated production, processing, and cooperative models improve bargaining power and
local value retention (Christian et al., 2024; UNCTAD, 2025b). In Limpopo, projected margins increase
significantly when cooperative processing hubs are introduced. Without such integration, producers
remain exposed to price volatility and capture limited value, consistent with evidence on fragmented
markets (Christian et al., 2024). Integration is therefore foundational to profitability. Infrastructure
remains the primary structural constraint. While climatic suitability and labour availability support
feasibility, limited rural processing facilities reduce scalability. This aligns with the World Bank (2023),
which identifies infrastructure deficits as a barrier to agro-industrial transformation. In Limpopo, transport
costs and processing delays can erode margins despite favourable demand. Commercialization
probability is thus highly sensitive to public investment in localized processing infrastructure (African
Development Bank Group, 2024). Clustering models offer a practical solution. Geographically
concentrated production and processing systems reduce coordination costs and improve quality control
(OECD, 2024; Shilomboleni et al., 2024). The projected margin gains from cooperative hubs reflect this
dynamic. Effective commercialization will therefore depend on institutional coordination across
extension services, finance, and private sector actors (Christian et al., 2024; Widadie et al., 2024).
Environmental sustainability further strengthens market positioning. The IPCC (2023) identifies plant-
based materials as central to low-carbon transitions, while McKay et al. (2024) confirm that bast fibres
reduce lifecycle emissions. These advantages enhance access to green procurement and sustainability-
linked finance, improving investor confidence and export potential. However, environmental benefits
alone do not ensure financial viability. Certification requirements impose compliance costs through
audits, documentation, and traceability systems (OECD, 2024; FAO, 2024). These may be difficult for
smallholders without institutional support (Ruben, 2024). While certification enhances market access, it
can also create barriers if support systems are weak (OECD, 2024). In Limpopo, this necessitates

capacity building, technical assistance, and cooperative certification models to reduce costs and
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improve market access (Shilomboleni et al., 2024; Christian et al., 2024; Ruben, 2024). Centralized
provincial mechanisms could further streamline compliance and coordination. Overall, the findings
respond directly to the research questions. Market conditions are favourable, while constraints are
primarily infrastructural and institutional. Commercial success is moderate to high under integrated
conditions but declines without processing capacity and compliance support. The discussion therefore
supports a structured model based on value addition, cooperative clustering, sustainability alignment,
and institutional facilitation (UNCTAD, 2025a; Christian et al., 2024). In practical terms, profitability and
sustainability depend on coordinated policy support, with infrastructure and regulatory assistance

remaining decisive for long-term viability (World Bank, 2023; African Development Bank Group, 2024).
Conclusion

The study concludes that the commercialization of phloem bundles in Limpopo Province presents a
realistic and promising economic opportunity when embedded within an integrated value chain
framework. The results demonstrated that global demand for natural fibres is expanding steadily, and
when these macro level trends are applied to provincial production scenarios, the probability of
profitability becomes moderate to high. This is particularly evident where local value addition
mechanisms are introduced rather than relying solely on raw fibre sales. The findings further show that
Limpopo’s climatic conditions, labour availability, and growing interest in agricultural diversification
create a supportive production environment. However, profitability is not automatic. Standalone primary
production, without local processing capacity, significantly reduces margins and exposes farmers to
price volatility. In contrast, integrated models that incorporate cooperative processing hubs increase
projected returns and reduce market vulnerability. This indicates that structure, coordination, and
infrastructure are decisive variables in determining commercial success. Environmental sustainability
strengthens the overall business case. Fibre crops with regenerative properties improve soil quality and
reduce reliance on synthetic materials, aligning production with global sustainability trends. This
alignment increases access to green markets and climate aligned funding streams. The environmental
advantage therefore operates not only as an ecological benefit but also as a strategic commercial asset.
Taken together, the evidence supports the argument that phloem bundle commercialization in Limpopo
is economically feasible under structured and coordinated conditions. Market growth, sustainability
positioning, and rural employment potential collectively reinforce the province’s opportunity to participate

meaningfully in emerging natural fibre value chains.
Practical Implications

The results point to several actionable policy and operational priorities. First, investment in cooperative
processing hubs is essential. Shared processing infrastructure reduces individual capital burdens,

improves quality control, and allows smallholder farmers to participate in higher value segments of the
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market. Establishing strategically located hubs would also lower transport costs and improve supply
consistency. Second, agricultural extension services must be strengthened with a specific focus on fibre
crop cultivation techniques, harvesting standards, and post-harvest handling. Technical guidance can
improve yield quality and reduce production risk during early adoption phases. Training programmes
should integrate agronomic practices with basic financial literacy to improve long term sustainability.
Third, public private partnerships offer a practical mechanism to overcome initial capital barriers. Private
investors can provide technical expertise and market access, while government support can mitigate
early-stage risk through grants, blended finance, or infrastructure development. This collaborative model
reduces uncertainty and accelerates scaling. Finally, market linkage programmes should connect
Limpopo producers directly with domestic and international green manufacturing sectors. Farmers who
wish to partake in these markets need to comply with Global-GAP. Although majority of smallholder
farmers, are not familiar with Global-GAP standards. Structured contracts with textile, construction, and
biodegradable packaging industries would stabilize demand and improve income predictability.
Transparent procurement systems and digital traceability platforms could further strengthen buyer

confidence and improve pricing power for producers.
Theoretical Implications and Further Research

The study contributes to Value Chain Theory by illustrating how integration at the provincial level
influences profitability probabilities in agricultural commercialization. It demonstrates that value capture
is not determined solely by production capacity but by positioning within processing and distribution
stages. By applying probability modelling to a rural fibre context, the study extends theoretical
discussions into a practical sub national setting. Future research should move beyond projection-based
modelling and conduct empirical field level financial analysis. Pilot projects within selected districts of
Limpopo would provide real cost, yield, and pricing data. Longitudinal studies could evaluate income
stability, employment creation, and environmental outcomes over time. In addition, comparative studies
across other provinces or neighbouring countries would help determine whether the observed probability
estimates are context specific or broadly replicable. Further investigation into cooperative governance
models is also necessary. Understanding how institutional design influences efficiency, transparency,
and profit distribution will be critical for long term sustainability. Finally, research into export readiness,
certification requirements, and carbon credit integration could provide deeper insight into how
environmental positioning translates into measurable financial returns. Overall, the study lays a
structured foundation for both policy intervention and academic inquiry. With coordinated investment,
empirical validation, and adaptive governance, phloem bundle commercialization in Limpopo could

evolve from projected feasibility to measurable economic transformation.
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