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Abstract

The Vietnamese cashew industry, a global export leader, operates on a predominantly linear
"take-make-dispose” model, leading to economic vulnerabilities and environmental
degradation in part due to the systematic underutilization of by-products like cashew nut shells
and apples. The application of Circular Economy principles may offer a promising pathway,
however, achieving this potential necessitates a detailed analysis. First, it necessitates to
understand the industry’s structure, governance, and actor relationship through value chain
analysis (VCA). Second, it requires to trace physical resource flows, quantify material
inefficiencies, and pinpoint hotspots of material loss and underutilization through material flow
analysis (MFA). Currently, a comprehensive, intergrated analysis connecting these three
disciplines—value chain dynamics, material flows, and circularity potential—is lacking. This
study fills that gap by conducting an integrated assessment of the cashew value chain in Binh

Phuoc Province, Vietnam's primary cashew hub.

The research employed a qualitative approach. Primary data were collected in 2025 through 58
semi-structured interviews with key value chain actors (agricultural input suppliers, farmers,
collectors, traders, processors and government officers) and direct measurements at farms and
processing facilities. Participants were recruited using purposive and snowball sampling to
capture diverse perspectives and multi-stage processes. For MFA, a sub-sample of 10 farms
and 3 processing facilities was selected for on-site quantification of material conversions.
Qualitative data were analyzed using Reflexive Thematic Analysis, while quantitative MFA

data were used standard mass-balance procedures to map and quantify all material flows.

The findings reveal that the Vietnamese cashew sector is heavily reliant on raw nut imports
(90%). The processed cashew nut value chain has a multi-layer structure and a variety of value
chain players including agricultural input suppliers, smallholder farmers, traders, collectors,
processors, and export brokers. It is dominated by processors who control information and limit
smallholder upgrading. The material flow analysis uncovered a significant inefficiency: a mere
2% mass yield of kernel from the whole fruit harvested. This is associated with the systematic
waste of the cashew apple (90% of the fruit) and only basic utilization of the cashew nutshell
for cashew nutshell liquid (CNSL) extraction, which is then exported for advanced

manufacturing. The research concludes that the sector exhibits uneven circularity—a form of
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partial adoption where byproduct valorization is incremental and economically opportunistic
rather than planned. This highlights untapped potential for a more circular model that captures

greater value domestically.

Consequently, transitioning to a more circular model is technically and economically viable
but requires a systemic shift which encouraging greater collaboration between stakeholders.
Recommendations include strengthening vertical and horizontal coordination to improve
governance and equity, alongside government incentives to stimulate domestic investment in
cashew apple valorization and advanced CNSL refining. This research contributes a novel,
integrated framework for analyzing agri-food value chains and offers a practical roadmap for
enhancing the sustainability and competitiveness of the Vietnamese cashew sector,
underscoring that effective circularity necessitates integrated governance and supportive

policies.

Key words: circular economy, value chain analysis, material flow analysis, by-product
valorization, food loss and waste, cashew nut value chain, cashew Vietnam, agribusiness

Vietnam, Binh Phuoc.
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Chapter 1. Introduction

1.1. Background of research

Cashew nuts are a highly valued agricultural commodity in global markets, with demand
having risen significantly recently; they rank as the third most consumed nut worldwide due to
their nutritional benefits and growing use in plant-based and snack food industries (INC, 2023).
Within this landscape, Vietnam has consistently been the world's largest exporter of cashew
kernels for over a decade, accounting for 65% of global exports (INC, 2021, 2023). Recognized
as an important industrial crop since 1989, the cashew industry is a critical pillar of Vietnam's
agricultural economy. The total cultivation area spans approximately 304,000 hectares,
yielding about 350,000 tons of dried raw cashew nuts and making Vietnam the world's third-
largest producer (FAOSTAT, 2024; GSO, 2024). Cultivation is concentrated in the Southeast
region, particularly in the provinces of Binh Phuoc, Dong Nai, Ba Ria Vung Tau, and Tay Ninh
(GSO, 2024). Binh Phuoc alone, considered the country's cashew capital, accounts for 150,000
hectares and an output of 200,000 tons per year, representing nearly 50% of the national
cultivation area and 57% of its output (GSO, 2024). In 2024, the sector achieved a record export
volume of 725,300 tons of cashew kernels, generating USD 4.34 billion and solidifying cashew
as Vietnam's third most valuable agricultural export and the 20th most valuable export product
overall. As a result, this industry is a primary source of income for millions of households and

a key driver of rural development.

The cashew value chain is traditionally structured into three main stages: (1) cultivation and
raw nut collection by smallholder farmers, (2) processing (shelling, peeling, and grading) at
processing facilities, (3) distribution and export (Agyemang et al., 2021). Despite its economic
significance, the global cashew sector, particularly in Vietnam, predominantly operates on a
traditional, linear "take-make-dispose" model. This linear model is fraught with systemic
inefficiencies, including economic vulnerability, environmental degradation, and resource
underutilization. According to ETIN (2018) and GSO (2024), the Vietnamese cashew sector
faces price volatility and a dependency on imported raw nuts due to insufficient domestic
supply, which squeezes profit margins, especially for smallholder farmers who hold the most

vulnerable position in the chain.

A more pressing issue is the massive generation of biomass by-products, specifically the

cashew apple and cashew nutshell (CNS), which, if not managed properly, cause significant

1



environmental degradation. If left to rot on farms, the cashew apple creates foul odors, attracts
insects, increases disease risks (Bhavana & Patil, 2021), and generates methane and CO; (Faye
et al., 2024). The resulting leachate can lead to soil acidification and eutrophication, damaging
local ecosystems (Sial et al., 2024). Concurrently, CNS is often disposed of in landfills or
burned as fuel (Costa & Delgado, 2019; Omolola, 2024). Open burning of CNS, which is rich
in anacardic acid, releases fine particles that pose respiratory and cardiovascular health risks
(Cruz et al., 2024). This represents not only a severe environmental and health burden but is
also an indicator of resource inefficiency, as significant inputs of labor, land, water, and

nutrients are used to produce only a small edible portion.

Paradoxically, these by-products hold substantial untapped economic potential. The cashew
apple is rich in nutrients and vitamins; its utilization could generate new jobs, improve food
security, address micronutrient deficiencies, and contribute to achieving SDGs 1, 2, and 3
(alleviating poverty and hunger, and promoting good health) (World Bank, 2022; Nwosu et al.,
2016). Furthermore, CNS is a source of Cashew Nutshell Liquid (CNSL), a versatile material
that can replace fossil fuels in industrial products such as friction linings, paints, and resins
(Bhaskaran, 2017; Darkunde et al., 2022). CNSL also shows promise for pharmaceutical and
cosmetic applications, including anti-cancer treatments (Soares et al., 2022; Shilpa et al., 2015).
Despite this potential, studies confirm that these by-products remain largely discarded or
underutilized, representing a significant lost economic opportunity (Hidayati et al., 2021;

Dimoso et al., 2024; Akyereko et al., 2023).

Agrifood systems are pivotal for global food security and livelihoods but are increasingly
pressured by rising demand, resource inefficiency, and environmental degradation (Woodhill
et al., 2022). A critical issue is food loss and waste (FLW), which accounts for nearly one-third
of all food produced, contributing significantly to economic losses and greenhouse gas
emissions (EMF, 2021). In this context, the Circular Economy (CE) model has emerged as a
transformative paradigm. CE proposes a restorative and regenerative system designed to
eliminate waste and keep materials in use indefinitely (EMF, 2013). Applied to agrifood
systems, CE principles promote resource efficiency, by-product valorization, and closing
material loops (Geissdoerfer et al., 2017). This model aligns with global Sustainable
Development Goals (SDGs) and is enshrined in Vietnam's National Green Growth Strategy
(2021-2030) in Decision 1658/QD-TTg dated October 1, 2021. The principles of CE are well-

suited to agro-processing industries like cashew, which are characterized by high volumes of



organic biomass. Instead of viewing by-products as waste, the CE framework sees them as
potential resources with untapped economic value, creating opportunities for new revenue
streams, reducing environmental impact, and enhanced resilience. Despite growing academic
and policy interest in circular economy, empirical applications of CE principles within value
chain analysis remain limited, particularly in agri-food systems and even more so in developing
country contexts (Hofstetter et al., 2021, Kapoor et al., 2020; Miranda et al., 2021). Most CE
research remains conceptual or focused on industrial manufacturing, with few studies
examining how circular transitions actually unfold within the complex, fragmented, and
perishable value chains. The Vietnamese cashew sector offers a critical and timely case to
address this gap. As the world's leading kernel exporter, it is a mature, globally integrated
industry; yet it remains locked in a linear model, generating massive biomass waste with
untapped economic potential. This makes it an ideal empirical site to examine the opportunities
for CE integration in a developing country agri-food system. However, a missing link in the
Vietnamese cashew context is a quantitative account of its material metabolism - a presequisite
for moving from qualitative advocacy to evidence-based system redesign. While existing
studies have examined singular aspects, such as the value chain structure of the kernel itself
(Hoang & Le, 2017; ETIN, 2018) or the technical potential of individual by-products (Hanh et
al., 2024; Dao et al., 2022; Nguyen et al., 2022). A comprehensive analysis that integrates
VCA, MFA, and circularity assessment within a single empirical study is lacking. Therefore,
this study posits that a MFA is essential for designing impactful CE strategies. It addresses this
gap by integrating MFA with VCA to first diagnose the system's physical and structural
inefficiencies, thereby creating the evidence base needed to transition the Vietnamese cashew
industry from its current linear model towards a more sustainable, resilient, and profitable

circular model.
1.2. Research aim and objectives

The aim of this research is to conduct a in-depth assessment of the circularity potential of the
Vietnamese cashew value chain. This will be achieved by integrating the analytical frameworks
of value chain analysis (VCA), material flow analysis (MFA), and circular economy (CE)
principles. This integrated approach is designed to provide a systemic understanding of the
entire cashew value chain, moving beyond a narrow focus on the kernel to include the material
flows and valorization potential of by-products. Consequently, this study will identify hidden

inefficiencies, uncover new opportunities for value creation, and pinpoint the barriers and



drivers for a transition towards a more circular model in the sector. This aim will be achieved

by fulfilling four key objectives:
To map the cashew nut value chain in Binh Phuoc Province, Vietnam
To analyze the governance in cashew nut value chain in the region
To analyze the material flow in cashew sector
To analyze the circularity of cashew sector.

1.3.  Thesis outline

This thesis is structured into seven chapters. Chapter 1 provides an introduction to the study,
presenting the research background, problem statement, aims, and objectives, along with the
overall thesis outline. Chapter 2 establishes the national and sectoral context, with an overview
of Vietnam’s agricultural economy, global cashew trade patterns, and the domestic cashew
production and trade. Chapter 3 reviews the relevant theoretical and conceptual literature,
focusing on the core frameworks of VCA, MFA, and the principles of the CE. Chapter 4 details
the research methodology employed in the study. Chapter 5 presents the primary results and
findings from the data analysis. Chapter 6 discusses these findings, interpreting their
significance and relating them to the existing body of literature. Finally, Chapter 7 concludes
the thesis by summarizing the key insights, offering practical recommendations, and proposing

directions for future research.



Chapter 2. Study country background

2.1. An overview of Vietnam

Vietnam, officially known as the Socialist Republic of Vietnam, is a Southeast Asian nation
with a total land area of 331,690 square kilometers (Vietnam Government Portal, 2025). It
shares borders with China to the north, and Laos and Cambodia to the west. To the east and
south, the country is bounded by the Eastern Sea (South China Sea) and the Pacific Ocean as
shown in Figure 2.1. Vietnam possesses a long coastline of over 3,260 kilometers (excluding
islands) and extends approximately 1,650 kilometers from its northernmost to southernmost
points. The country’s topography varies considerably, ranging from mountains and hills to
fertile deltas. This strategic location, combined with a climate that spans tropical and temperate
zones, has historically supported extensive agricultural production and sustained a large

population, which was estimated at 101.8 million in 2025 (United Nations, 2025).

China

Figure 2.1. World map of Vietnam (Central Intelligence Agency, n.d.).



The most transformative period in modern Vietnam began with the launch of the P6i Méi
(Renovation) reforms in 1986, shifting from a closed, centrally planned economy to a dynamic,
market-oriented system (Nguyen, 2022). The economic impact has been profound. Vietnam
has maintained one of the highest GDP growth rates in Asia for decades, averaging 6-8% since
the 1990s. This sustained expansion propelled the country from one of the world's poorest
nations to lower-middle-income status in 2010 (Nguyen, 2022). By 2024, its GDP reached
approximately USD 480 billion with a per capita income of USD 4,711, positioning it as the
fourth-largest economy in Southeast Asia (GSO, 2025; World Bank, 2024). A key driver of
this growth has been Vietnam's deep integration into the global economy. Since joining the
World Trade Organization (WTO) in 2007, it has established diplomatic relations with 189 of
193 countries and has signed 185 bilateral and 77 multilateral agreements, including 15 FTAs
covering 57 economies worldwide (Nguyen, 2022). This extensive network has been
instrumental in attracting foreign direct investment (FDI) and integrating Vietnam into global
value chains, fostering the development of high-value-added manufacturing and service sectors
(Sahel & El Abbassi, 2025; Li et al., 2025). Consequently, the economic structure has shifted
from a primarily agrarian base to one dominated by export-oriented manufacturing. Although
agriculture's share of GDP has declined, it remains a vital sector, ensuring employment, rural
stability, and serving as a major source of exports like rice, coffee, seafood, and cashew nut

(Nguyen et al., 2025).
2.2.  An overview of Vietnam agriculture

The agriculture sector is a cornerstone of Vietnam's economy and society, playing a vital role
in the nation's development and the livelihoods of its people. This sector encompasses crop
production, livestock, fisheries, and forestry, and is supported by Vietnam’s diverse
landscapes—from the fertile deltas of the Mekong and Red Rivers to the central highlands—and
a tropical climate that provides fertile soils, abundant water, and rich biodiversity (World Bank,
2016a). These conditions create an ideal environment for a wide variety of agricultural
activities. The nation's varied agricultural ecology, which is categorized in Figure 2.2, allows

different regions to specialize in distinct products.
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Figure 2.2. Agricultural ecology in Viet Nam (Source: Ministry of Agriculture, Fisheries, Food
Security and Nature Netherlands, 2022)

Since the Renovation reforms, Vietnam's agricultural sector has undergone a profound
transformation. While its relative contribution to the economy has diminished, its absolute
output and strategic importance have grown. As illustrated in Figure 2.3, agriculture's share of
GDP plummeted from approximately 46% in the 1980s to around 12% by 2022, by which time
its value had reached an estimated US$46 billion. This shift reflects the rapid growth of other
sectors; in 2022, industry and services contributed 38.2% and 41.3% to GDP, respectively
(GSO, 2023). Despite this relative decline, agriculture remains the nation's largest employer,
engaging 13.9 million people, or about 40% of the total labor force (World Bank Data, 2024;
Statista, 2024).
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Figure 2.3. GDP composition by economic sector of Vietnam, 1986-2022 (%) (source: GSO 2023)

Beyond its economic contributions, agriculture is fundamental to Vietnam's food security, rural
development, and social stability (Vietnam Sourcing Hub, 2023). The Renovation reforms
were a pivotal turning point, transforming the country from a food-insecure nation into a major
global agricultural exporter. Between 1986 and 2022, the sector's total output increased by
approximately 230%, a testament to its enhanced productivity and commercialization (OECD,
2022). Today, Vietnam ranks among the world's leading producers and exporters of key
commodities, including rice, coffee, pepper, and cashew nuts. This agricultural expansion has
catalyzed the growth of upstream and downstream industries such as food processing, logistics,

and agribusiness, thereby amplifying its overall impact on economic development.

In conclusion, although agriculture's share of GDP has declined in line with Vietnam's
industrialization, its foundational role in the nation's social and economic fabric remains

indispensable.
2.3.  Vietnam’s key agricultural products

Vietnam's agricultural sector is characterized by its diversity, including crop production,
livestock, aquaculture, and forestry. This diversity underpins both domestic food security and
the country's position as a major global exporter. The sector's output can be understood through

its primary subsectors and the official commodities prioritized for strategic development.



The most crucial segment is cropping production, which is divided into annual and perennial
crops. Annual crops are dominated by paddy rice, which constitutes over 90% of this category's
production volume, underscoring its foundational role in the national diet and economy (GSO,
2023). Other significant annual crops include maize, sugarcane, and cassava. In contrast, the
perennial crop sector includes fruit trees (e.g., mango, banana, longan) and high-value
industrial crops. It is these industrial perennial crops—particularly coffee, rubber, cashew, and
pepper—that are most critical for export, positioning Vietnam as a leading player in

international agricultural markets.

Recognizing the strategic importance of these exports, the Ministry of Agriculture and Rural
Development (MARD) has formally identified 11 key agro-commodities with high potential
for trade integration and rural development by 2030 (Nguyen et al., 2017). This prioritized list
includes rice, coffee, rubber, cassava, cashew, pepper, tea, oranges, pork, and shrimp. These
commodities were selected based on rigorous criteria, including their economic value,
productivity, and nutritional contribution. Their dominance is reflected in land allocation;
collectively, rice, maize, coffee, rubber, cassava, and cashew as shown in Figure 2.4.
Specifically, rice accounts for the vast majority (53%) of harvested land for these key products,

cashew still commands a 2% share, highlighting its established role as a strategic crop.
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Figure 2.4. Agricultural products with land use allocation in 2023 (FAOSTAT, 2024)



2.4. Export trends of key agricultural sectors

Vietnam has solidified its role as a global agricultural exporter, with its international trade
driven by key products such as rice, coffee, cashew nuts, pepper and fruits which demonstrates

the sector's critical contribution to the national economy, as illustrated in Figure 2.5.
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Figure 2.5. Top agricultural export products by value, 2018-2023 (1000 USD) (FAOSTAT, 2024)

Rice remains a cornerstone of Vietnam's agricultural exports, consistently ranking the country
among the world's top three exporters. The value of these exports has shown a strong upward

trend, culminating in record earnings of over $6.5 billion in 2023 (FAOSTAT, 2024).

Similarly, coffee is a major source of foreign exchange, with Vietnam maintaining its position
as the world's second-largest exporter, primarily of robusta beans. The crop consistently

generated approximately $3 billion annually from 2019 to 2023 (FAOSTAT, 2024).

Among these leading exports, cashew nuts have traditionally ranked second or third in value.
Moreover, Vietnam is the undisputed global leader in the export of cashew kernels. From 2019
to 2023, the export value fluctuated, rising from $2.2 billion to a peak of $3.1 billion in 2022
before moderating to $2.4 billion in 2023 (FAOSTAT, 2024). The strategic importance of
cashew is underscored by its efficiency; despite accounting for only about 2% of agricultural
land allocation, it generates billions of dollars in annual export revenue, confirming its status

as a high-value strategic crop.
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2.5. Importance of cashew in agricultural sectors

The cashew nut industry is a cornerstone of Vietnam's agricultural sector, making significant
contributions to both the national economy and rural socio-economic development. As the
largest cashew kernel processor and exporter globally, Vietnam has transformed cashew
production into a key part of its agricultural portfolio, shaping the country’s position in the

international agricultural trade.

Economically, cashew nuts consistently rank among Vietnam's most valuable agricultural
exports. As of 2024, Vietnam exported approximately 725,300 tons of cashew nuts, generating
$4.34 billion in revenue (GSO, 2024). This performance not only provides a critical source of
foreign exchange but also solidifies cashew's position as a top-tier export commodity, typically
ranking as the third largest agricultural product and within the top 20 of all export sectors

nationally.

Beyond its export value, the cashew industry is a vital source of employment, providing
livelihoods for over a million people, particularly in rural and economically disadvantaged
regions. It is estimated that about 200,000 farming households are engaged in cultivation, with
production concentrated in provinces such as Binh Phuoc, which accounts for 40% of the
nation’s cashew-growing area (ETIN, 2018; GSO, 2024). Furthermore, the cashew processing
industry employs about one million workers across nearly 1,000 processing sites, ranging from
large-scale enterprises to small household businesses. By generating widespread employment
and stabilizing rural incomes, the cashew industry directly supports poverty reduction and

aligns with the government's strategic goals for sustainable rural development.
2.6. Cashew world production trade pattern
2.6.1 Cashew nut production

Cashew nuts are cultivated commercially in approximately 34 countries across Africa, Asia,
and Latin America (FAOSTAT, 2024). Over the past three decades, global production of raw
cashew nuts (RCN) has experienced rapid growth. According to UNCTAD (2021) and
FAOSTAT (2024), global RCN output more than doubled from 706,500 tons in 1990 to 1.53
million tons in 2000 and doubled again to 3.71 million tons by 2018. This upward trajectory
has continued, with production peaking at 3.93 million tons in the 2023/24 season (FAOSTAT,
2024).
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The global market is dominated by a few key producers, primarily Cote d'lIvoire, India,
Vietnam, and Tanzania (Figure 2.6). In the 2019-2023 period, Cote d'Ivoire was a regional
leader in West Africa, consistently leading global production, with its output surging from over
600,000 tons in 2019 to nearly 1.05 million tons in 2023. India maintained a stable production
level of approximately 750,000 tons annually during the same period. Meanwhile, Vietnam's
production showed more volatility, rising from 286,000 tons in 2019 to nearly 400,000 tons in
2021 before declining to 347,000 tons in 2023. In Eastern Africa, Tanzania was the regional

leader, with production fluctuating around 200,000 tons each year.
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Figure 2.6. The largest cashew producers in the world, 2019 — 2023 (tons) (FAOSTAT, 2024)
2.6.2 Cashew nut importers

The global cashew trade is segmented into two primary flows: the import of raw materials for

processing and the import of finished kernels for consumption.

On one hand, the market for raw cashew nuts (RCN) is dominated by two processing
powerhouses. According to FAOSTAT (2024), Vietnam and India collectively accounted for
over 98% of global RCN imports, which totaled nearly 3.2 million tons. Vietnam led as the
largest importer (1.8 million tons, 55%), followed closely by India (1.4 million tons, 43%).
Both nations primarily source raw cashews from Africa and Asia to supply their large-scale

processing industries for re-export.
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On the other hand, the import market for shelled cashew kernels is led by major consumer
economies. Figure 2.7 illustrates the import volumes for the top destinations over the 2019-
2023 period. The USA is the largest single destination, importing nearly 145,000 tons and
representing 23% of global kernel imports in 2023. European nations are also key consumers,
with Germany and the Netherlands each holding a 9% share (approximately 60,000 tons). Other
significant importers include China, the UAE, and the UK (FAOSTAT, 2024), as illustrated in
Figure 2.7.
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Figure 2.7. Largest cashew kernels importers, 2019 - 2023 (shelled, tons) (FAOSTAT, 2024)
2.6.3 Cashew kernel exporters

The global export market for shelled cashew kernels is dominated by Vietnam and India,
though their market profiles and geographic focus differ significantly. According to INC
statistics, Vietnam was the leading exporter of shelled cashew kernels in 2021, accounting for
65% of global exports. The main markets for Vietnam’s exports were Western consumer
markets, with the USA (36%), the European Union and the UK (30%). China is also a notable,

though smaller, market for Vietnamese kernels (6%).

India was another major exporter; its market structure presents a contrast. Its primary markets
were mainly Asia (59%), led by the UAE, Japan, and Saudi Arabia. The European Union and
the UK represent its second-largest regional market, accounting for 34% of its export volume

(INC, 2023).
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2.6.4 World cashew nut consumption

According to the International Nuts and Dried Fruit Council (INC), in the 2022/23 crop year,
almonds and walnuts ranked as the highest consumed nuts, accounting for 27% and 22% of
global production, respectively. Cashews followed with 20%, while pistachios and hazelnuts
accounted for 14% and 11%, respectively. Asia emerged as the leading region for nut
consumption, representing 32% of the global total, followed closely by Europe at 31% and
North America at 20%. The Middle East contributed around 12% of global consumption (INC,
2023).

Cashew nuts exhibited the second-highest annual growth rate among nuts, with a 7% increase
over the last decade. According to INC statistics (2023), India, the USA, Germany, China, and
the UK are the largest consumers of cashews in the world. In 2021, India consumed
approximately 322 thousand tons of cashew kernels per year, followed by the USA with 182
thousand tons, and Germany with about 54 thousand tons. While India is both the largest
producer and consumer of cashews, the other countries are primarily the largest importers and

consumers.
2.7.  Vietnamese cashew production and trade pattern
2.7.1 Cashew production in Vietnam

Cashew was first introduced to Vietnam in the 18th century and is valued for its resilience and
economic potential (Binhphuoc.Gov, 2021). Cultivation subsequently spread across several
regions, including the Southeast, Central Highlands, Central Coast, and the Mekong Delta
(Figure 2.8). The sector was formally recognized as a key industrial crop by 1990, and by 1988,
Vietnam had begun processing cashews for export, establishing its role as a major Asian

producer.

The cultivation area has undergone significant changes, reflecting market dynamics. Starting
from a base of 150,000 hectares in 1990, the area expanded rapidly to a peak of 440,000
hectares in 2007, driven by strong global demand (GSO, 2024; ETIN, 2018). However, a
decline began in 2008, with the area falling to 321,100 hectares and further to approximately
304,400 hectares by 2023 (FAOSTAT, 2024). This contraction is largely attributed to falling
cashew prices, reduced profitability, and increased competition from other high-value crops

such as rubber, coffee, pepper, and fruit trees (BP GSO, 2024).
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Figure 2.8. Cashew distribution and production map in Vietnam

Production volumes have shown considerable volatility, closely correlated with the changes in
harvested area (Figure 2.9). After dropping from 275,439 tons in 2013 to around 216,000 tons
in 2017, production surged to a peak of 400,000 tons in 2021 before moderating to about
350,000 tons in 2023 (FAO, 2024). This volatility stems from multiple challenges, including
the reduction in farming area, fluctuating yields, and the aging of cashew
orchards—approximately 30% of trees are over 20 years old and experiencing declining
productivity (ETIN, 2018; MARD, 2024). Furthermore, climate change impacts and a lack of
advanced farming techniques among growers have exacerbated yield instability, which fell to
800 kg/ha in 2013, recovered to 1.4 tons/ha by 2021, but declined again to 1.15 tons/ha in 2023
(GSO, 2024).
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Figure 2.9. Vietnam cashew area harvested (ha) and yield (tons), 2013 — 2023 (FAOSTAT, 2024)

As 0f 2023, Vietnam's total cashew farming area was 304,400 hectares, with production heavily
concentrated in the Southeastern region (GSO, 2024). Binh Phuoc Province is the undisputed
national hub, accounting for 49% of the total area (approximately 150,000 hectares) and
contributing nearly 57% of the country's total production (around 200,000 tons). Other
significant provinces include Dong Nai (15% of the area) and Binh Thuan (6%), with smaller
contributions from Binh Duong and Tay Ninh. This high concentration of cultivation and
processing infrastructure solidifies Binh Phuoc's status as the heart of Vietnam's cashew

industry.
2.7.2  Import of raw cashew nut in Vietnam

Vietnam as the global leader in cashew processing is underpinned by its massive import volume
of raw cashew nuts (RCN). Driven by advanced processing capacity and competitive
advantages, Vietnam sources RCN internationally for processing and re-export. According to
FAOSTAT (2024), Vietnam's RCN imports surged from approximately 250,000 tons per year
in 2012 to a peak of 2.5 million tons in 202 1—representing a tenfold increase. In 2023, imports

fell to 1.08 million tons, with a value of approximately USD 1.22 billion.

Vietnam's import sources have evolved, with a shift toward Southeast Asia. Africa, which
produces over half of the world's RCN but processes only about 10% locally, has traditionally
been a primary source, supplying roughly 50% of Vietnam's needs from countries like Cote
d'Ivoire, Tanzania, Ghana, and Nigeria (OEC.WORLD, 2022; FAOSTAT, 2024; ETIN, 2018).

However, Cambodia has emerged as a pivotal supplier. Following a 2017 agreement between
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the Vietnam Cashew Association and the Cambodian government, Vietnam committed to
providing investment and technology to help Cambodia expand its cashew farming area to
500,000 hectares and production to one million tons by 2025 (ETIN, 2018). This strategic
partnership, designed to secure a stable RCN supply for Vietnam. By 2022, Cambodia had
become Vietnam's single largest source of RCN, supplying nearly 46% of total imports and

surpassing all African nations (OEC.WORLD, 2022).
2.7.3 Export of shelled cashew kernels in Vietnam

Vietnam has consolidated its position as the world's leading exporter of shelled cashew kernels,
a status supported by significant technological innovation and a dynamic processing sector. A
key competitive advantage has been the domestic development of shelling and peeling
machines, which are 40-50% cheaper than international alternatives, thereby reducing

processing costs and enhancing global competitiveness (ETIN, 2018).

Driven by this technological edge, export volumes and values grew substantially over the past
decade. From 2012 to 2021, exports surged from approximately 220,000 tons (USD 1.44
billion) to 506,000 tons (USD 3.89 billion) (FAOSTAT, 2024). Although 2023 saw a dip to
460,000 tons valued at USD 2.35 billion, the sector rebounded strongly. Preliminary data for
2024 indicates a record export volume of 725,300 tons, generating USD 4.34 billion and
solidifying cashew as Vietnam's third most valuable agricultural export (General Department
of Vietnam Customs, 2024). The United States remains the top destination (USD 759 million),
followed by China (USD 302 million), the Netherlands (USD 267 million), and Germany (USD
175 million) (OEC.WORLD). Notably, markets in Germany, Iraq, and the UAE demonstrated
the fastest growth between 2021 and 2022.

This export growth has been facilitated by a rapid expansion of the processing industry.
According to ETIN (2018), the number of processing firms had nearly tripled from 160 in 2014
to 450 by 2017, with a total processing capacity of 1.4 million tons of raw cashew nuts per
year. As a result, many small firms entered the market, either developing their own brands or
producing value-added products such as roasted and coated cashews. However, most
processors focus on producing cashew kernels. Established companies continued to expand,
leading to increased competition within the industry, which in turn caused lower export prices
(MIP, 2022). Furthermore, the high number of processors belies a concentration of export

capability; VINACAS statistics indicate that only about 25% (256 companies) of processing
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firms are directly engaged in exporting, highlighting a significant gap between domestic

processing capacity and international market access.
2.8. Key agricultural related policies.

In 2018, the Vietnamese government issued Decree No.109/2018/ND-CP and Decision
No.885/QD-TTg, establishing a comprehensive plan for organic agriculture development from

2020 to 2030, aiming to align Vietnam's organic agriculture with global trends.

In 2022, the Decision No. 150/QD-TTg approved Vietnam's Sustainable Agriculture and Rural
Development Strategy, aims to modernize the agricultural sector, improve rural livelihoods,
and ensure environmental sustainability. The strategy focuses on industrial perennial crops,
including cashew nuts, coffee, rubber, tea, and pepper, which are vital contributors to Vietnam's
economy. The strategy aims to improve quality and sustainability by promoting organic and
high-yield farming practices, enhancing processing capabilities, and expanding export markets.
Vietnam also aims to increase competitiveness by improving processing technologies and
supply chain efficiencies, develop value-added products, and foster public-private partnerships
in the industry. By 2050, Vietnam aims to become a leading exporter of high-quality, climate-
resilient agricultural products. The strategy also emphasizes the importance of sustainable
farming practices to preserve soil health, reduce deforestation, and minimize water usage. It
encourages the adoption of climate-smart agriculture and traceability and certification
programs to ensure sustainable and ethical production. The strategy aims to ensure Vietnam
remains a global leader in the commodity export while fostering environmental resilience and

rural development.

Vietnam's National Agricultural Innovation Program (2017-2025) aims to enhance
productivity and sustainability in agriculture by promoting innovation and technology through
investments in R&D, developing resistant crop varieties, and supporting agribusinesses and

startups to foster innovation in food production and processing (Gray & Jones, 2022).
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Chapter 3. Literature review

This Literature Review establishes the theoretical foundation for the study, focusing on three
core disciplines: VCA, MFA, CE. The chapter is structured into seven sections. It begins by
defining the Value Chain (Section 3.1), then introduces the Agri-Food Value Chain (AFVC)
—detailing its definition and analytical framework (Sections 3.2). Subsequently, it presents the
theory of MFA (Section 3.3) and its specific application within agri-food systems (Section 3.4).
The final sections explore the concept of the CE, moving from its general definition (Section
3.5) to its integration within value chains (Section 3.6) and, specifically, within the agri-food

value chains (Section 3.7).
3.1. Value chain

The first and most foundational concept of value chain (VC) is introduced by M. Porter in his
1985 book, Competitive Advantage: Creating and Sustaining Superior Performance. Porter
defines the value chain as a “system of interdependent activities” that a firm perform to “design,
produce, market, deliver and support its products or services” to consumers. It includes
primary activities such as inbound logistics, operations, outbound logistics, marketing and
sales, and after-sales service, as well as support activities like product design, material
procurement, human resources, technology development, and organizational infrastructure
(Pande & Kumar Adil, 2019). This framework is to achieve competitive advantage by
implementing distinctive and exclusive processes as shown in Figure 3.1. As a strategic
management tool, the VC concept facilitates the analysis of business strategies and
competitiveness in the context of globalization and international trade into specific activities

thereby lowering cost and in a way that lead to differentiation (Porter, 1985).
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Figure 3.1. Porter value chain framework (Porter, 2001)
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Building from Porter’s work, Gereffi et al. (2001) has introduced the global value chain,
especially when examining networks or chains rather than individual firms across multiple
firms and countries. This perspective raises essential questions about governance, power
dynamics, and chain operations. Donovan et al. (2015) expands on this by describing value
chains as a collection of activities, actors, and strategic networks designed to meet consumer

demands more effectively.

Webber and Labaste (2010) highlight the importance of linkages within value chains, including
vertical connections that create consumer value and horizontal ties with other chains providing
intermediate goods and services. Bellu (2013) further characterizes the value chain as
“interconnected economic activities performed by vertically linked agents across various
stages”. Webber and Labaste (2010) and Bellu (2013) indicate that collaboration between
various actors help perform tasks that enhance value of products or services. These studies
suggest that value chains are not only about creating value but also about how this value is

distributed among participants.

However, traditional VCs have become increasingly complex due to interconnections between
actors across different countries. A VC can now be seen as “a group of organizations
exchanging materials, funds, and information while collaborating over the medium to long
term” (Monastyrnaya et al., 2017). It involves actors who perform activities, stakeholders
influencing those activities, physical processes, business models, and the methods of designing,

promoting, and offering products to consumers (UN, 2020).

Mac Clay & Feeney (2019, p33) identify some key elements that a generic value chain must
include: “inputs, outputs, and activities that drive transformation; agents involved in the
activities with both vertical and horizontal connections; activities that add value and allocate
it; the final products; end consumers, and shared challenges and opportunities among

participants, power relations and governance structures’.

In this context, Esteban-Amaro et al. (2024) define the “VC as comprising (i) a network of
partners, (ii) flows of information, goods, and finances, and (iii) shared value”. They suggest
the network partners include suppliers, customers, and users upstream and downstream, as well
as an innovation network involving universities and knowledge institutions that develop new

processes, technologies, products, and services. Jorgensen & Remmen (2018) add that

20



regulatory networks engaging local, national, and international public authorities and civil

society organizations also play a significant role in the value chain.

Building on these concepts and responding to the need for sustainability, D'heur (2015) defines
a sustainable value chain as one that "covers all stages of the lifecycle from idea/concept, raw
material sourcing, production, and distribution, and end customers use to the point where the
product goes back to a biological or technical cycle, thus closing the loop." This definition
reframes the value chain from a linear, economic structure to a circular, regenerative system,

which serves as a key conceptual foundation for this study.
3.2. The Agri-Food Value Chain (AFVC)
3.2.1 Definition of AFVC

De Vries et al. (2022, p.176) define AFVCs as “complex systems comprising a network of
interdependent actors that cooperate to capture and create value by responding to consumer
demand through a wide range of practices [...] including production, harvesting, bulking,
processing, trading, packaging, and retailing of food.” Building on this foundations,
Grohmann et al. (2023, p3) note that the AFVC has been conceptualized through several
perspectives: (i) following Porter’s (1985) value chain logic that includes various activities to
produce, process, trade and consume an agricultural product, (ii) a set of actors connected
through interactions, (iii) networks of actors. Hansen (2024) expands this view through the
“farm-to-table” concept, which includes the supply of agricultural inputs and the entire value
chain (feed, equipment, machinery, finance, R&D, and so on), agriculture (production),
processing and modification, wholesale, retail and food service, and consumers. The author
suggests the AFVC is a vertical axis that connects the input supply, production, processing,
and sale of food products through both vertical integration and horizontal integration as

depicted in Figure 3.2.
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Figure 3.2. Vertical and horizontal integration in the agri-food value chain (Hansen, 2024)

Unlike other value chains, the AFVC is distinct due to its unique characteristic mainly dealing
with living organisms and highly perishable products (Sporleder et al., 2011; Hansen, 2024).
This perishability of agri-food products as well as the complex and dynamic of agricultural
industries necessitates highly efficient and timely logistics system, highlighting the necessity
of effective coordination between different actors in the value chain (Hansen, 2024, Schouten

& Bitzer, 2015).
3.2.2 Agri-food value chain analysis (AFVCA)

According to Kaplinsky & Morris (2000), AFVCA is a strategic and analytical approach to
understand how value is created, distributed and sustained across the entire food system from
input, production, and processing to consumer consumption. According to Akyiiz et al. (2023)
and Salali et al. (2024) , agri-food value chain analysis is not a single tool but rather a suite of
interconnected methods, includes analysis of: (i) institutional/ functional (mapping the actors,
activities, and product flows in the value chain), (ii) economic/ financial structures (Value
added analysis, cost — benefit analysis, price transmission analysis), (iii) social (labor
conditions, gender roles, and community impact), and (iv) environmental (resource, emissions,
biodiversity and sustainability assessments). As a result, a comprehensive AFVCA will usually
start with mapping value chain, use value chain framework to understand interactions,
relationships, power and governance between actors and finally layer on a social and
environmental assessment to provide a better understanding of the value chain performance
(Ingram et al., 2018). Hidayati et al. (2021) suggest that after mapping the value chain, value
addition and governance are the two most important dimensions to understand key activities in

an agri-food value chain.
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3.2.2.1.Value chain mapping

Kaplinsky & Morris (2002) explained that value chain mapping identifies all activities
necessary for a product or service, spanning the stages from conception to production and
ultimately delivery to the final consumer. This involves profiling actors involved in production,
distribution, marketing, and sales, while assessing their characteristics, cost and profit
structures, employment impacts, and the flow of goods within domestic and foreign markets
(Frederick, 2019). Such mapping provides a foundational understanding of how goods and
services are created and delivered, offering insights into inefficiencies or opportunities for

improvement.

Akyiiz et al. (2023, p8) expand this concept by proposing a more comprehensive framework
for value chain mapping through the integration of institutional or functional analysis. Their
approach profiles the industry by describing, explaining, and measuring different aspects in
physical terms. In this analysis, the industry is considered multiple perspectives from
commodity production, processing, marketing, to final consumption. In detail, it examines: (a)
technical processes required from production/producer to final consumption/consumer; (b) the
inputs and intermediate goods at each stage of the value chain; (c) the interrelationships
between the agents/actors involved at each stage; (d) the physical flows of goods between
different agents/actors; and (e) problems in input supply, logistics, etc. This extended
framework provides a more holistic understanding of the value chain, serving as a foundation

for subsequent value addition and governance analysis (Hidayati et al., 2021; Akyiiz et al.,

2023).
3.2.2.2.Value addition

Value addition in the AFVC has evolved from basic post-harvest processing to a
comprehensive strategy involving product differentiation, adoption of valued production
methods (e.g., grass-fed beef ororganic certification), building strategic market linkages to
ensure a greater share of the final price premium flows back to the producers and integrate
sustainability considerations (USDA, 2008; Lu and Dudensing, 2015; Cucagna & Goldsmith,
2018; Clark et al., 2021; Akyliz et al. 2023).

Coltrain et al., (2000) define value addition as "the process to economically add value to a

product by changing its current place, time and form characteristics to characteristics more
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preferred in the marketplace.” Amanor-Boadu (2003) integrates activity with profitability,
stating that value addition when a firm performs an activity traditionally done farther down the
chain (e.g., a farmer milling grain) or if the firm is rewarded for performing an activity never

before done in the chain.

Building on these foundations, Lu and Dudensing (2015, p4) connect value-addition agriculture
to consumer preferences — their willingness to pay, and economic development strategies. The
authors emphasize value addition as a portfolio of agricultural practices that enable farmers to
align with consumer preferences for agricultural or food products with form, space, time,
identity, and quality characteristics that are not present in conventionally produced raw
agricultural commodities. It involves farmers changing their position on the value chain,
creating closer or direct linkages with consumers, or changing production processes to alter or

preserve certain intrinsic characteristics of their farm/ranch products.

Based on the USDA definition of VA, Clark et al., (2021, p191) outline value addition are
commodities that meet at least one of five criteria: (1) has undergone a change in physical state
(e.g., processing berries into jam, wheat into flour, or corn into ethanol); (ii) was produced in
a manner that enhances its value (e.g., organic production); (iii) is physically segregated in a
manner that enhances its value (e.g., an identity preservation system for a particular variety of
grain or traceability of hormone-free livestock); (iv) is a source of farm- or ranch-based
renewable energy (e.g., converting methane from animal waste to generate energy); or (V) is
aggregated and marketed as a locally produced food product. These practices aim at expanding

markets and increasing the producer’s share of revenue (Rupasingha et al., 2018, p. 3).

At the analytical level, Cucagna and Goldsmith (2018) conceptualize value addition as the
increase in economic value when raw agricultural materials are transformed into more desirable
goods, measurable through marketing margins (the price spread between farm and retail value).
Their work highlights that value creation is increasingly concentrated in downstream stages
—processing and retail—where innovation, branding, and intangible assets driven by increased
consumer demand for differentiated, high-quality, and convenient products. Akytiz et al. (2023)
expand value addition through analytical lens by quantifying where and how value is created

and distributed along the value chain to assess sustainability and profitability.

In developing country context, Hidayati et al. (2023) identify three orientations of value

addition (quality, safety, and value orientation) in order to upgrade the value chain among
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smallholders including: (i) Commodity based orientation, which indicates smallholder’s focus
to produce and sell raw material products with minimal treatment;(ii) Processed based
orientation indicates an expansion in value adding by smallholders via post-harvesting
treatments; (iii) Branded/certified orientation, which indicates smallholders’ orientation in
optimizing value creation through branded and certified products. Cucagna & Goldsmith,
(2018) add that producers (farmers) can capture a greater share of consumer value by engaging
in value-adding activities and increasing engagement in higher levels of vertical coordination,
such as contractual arrangements or vertical integration, to improve efficiency and

competitiveness.
3.2.2.3.Governance

Governance in the AFVC refers to “the multiple steering mechanisms that coordinate the
activities among the various actors” (Grohmann et al., 2023). According to the authors, these
mechanisms operate primarily through formal and informal rules that codify expectations,
rights, and obligations, thereby facilitating coordination and ensuring predictability within
transactions. In simple with low-risk value chains, informal rules such as trust, reputation, or
community norms are sufficient to guide activities. Nevertheless, in complex value chains,
coordination become formalized through contract, certifications, and traceability systems that
specify quality, safety, and sustainability requirements (Williamson, 1985; Havinga et al.,

2015; Ingram et al., 2018; Grohmann et al., 2023).

According to Grohmann et al. (2023, p3) governance in AFVC must fulfill five essential
coordination functions: rulemaking, adoption, implementation, monitoring, and enforcement.

They explain:

(1) Rulemaking involves agenda setting, defining goals, negotiating and formulating

concrete rules that may be revised as political, social, or economic conditions evolve.

(i1 & ii1) Adoption and implementation of the rules that translate these rules into practice
by obligating participants to comply and ensuring that necessary measures are in place to

achieve compliance.

(iv) Monitoring entails systematic inspections, audits, and documentation to verify

adherence.
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(v) Enforcement introduces sanctions are set of rules such as warnings and contractual
penalties to the withdrawal of certification or legal action in order to assure behavioral

compliance and legitimacy.

Governance is the central analysis in value chain research, as it reflects the degree of power,
the coordination between actors and represents a form of non-market coordination of economic
activity, where direct exchanges of information, standards, and resources occur among
businesses (Gereffi & Kaplinsky, 2001; Humphrey & Memedovic, 2006). These authors
indicate that the control exerted by lead actors (firms) over critical resources like market access,
standards, and technological capabilities will shape production decisions, entry and exit

dynamics, and the distribution of value along the chain (Gereffi & Kaplinsky, 2001).

Hidayati et al. (2021) further conceptualize governance in AFVCs as comprising three
interrelated dimensions: vertical coordination, horizontal coordination, and information flow.
Vertical coordination represents the hierarchical and relational linkages between actors at
different stages of the chain that includes power relations, transaction terms, standard setting,
and profit distribution (Trienekens et al., 2018; Collins, 2014; FAO, 2014). Strong vertical
integration allows for closer control, efficient communication, and enhanced responsiveness
among actors. According to Gereffi et al. (2005) and Guimaraes et al. (2023), vertical
governance can be classified into various structural forms, including market, modular,
relational, captive, and hierarchical, based on transaction complexity, the codifiability of

information, and suppliers’ capabilities to meet buyer requirements.

In contrast, horizontal coordination refers to collaboration among actors operating at the same
stage of the chain, such as farmer cooperatives, producer organizations (POs), or industry
associations, which aims to improve bargaining power, share resources, achieve economies of
scale, and enhance market access (FAO, 2014a; Thorpe, 2018). Evidence from Garnevska et
al. (2011) demonstrates that well-functioning POs can significantly contribute to the economic
and social well-being of their members and rural communities by fostering collective learning

and local empowerment.

The third dimension, information flow, represents a vital governance mechanism that ensures
transparency, traceability, and responsiveness across the chain. Bochtis et al., (2019) suggest
efficient information sharing reduces information asymmetry, improves decision-making, and

enhances overall value chain performance. Conversely, information asymmetry (e.g. when
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buyers possess more market knowledge than producers) can lead to market inefficiencies and
power imbalances (Mishra & Dey, 2018; Reardon et al., 2009). Therefore, symetric and timely
information exchange is critical for building trust and improving the resilience and inclusivity

of agri-food value chains (Collins, 2014).
3.3. Material flow analysis

Baccini and Brunner (1991), in their book “Metabolism of the Anthroposphere (1991),
established the systematic framework for Material Flow Analysis (MFA). It provides the
methodological basis for applying the law of conservation of mass to the human-dominated
environment, which they termed the "anthroposphere" — defined as "mankind's sphere of life,
a complex technical system of energy, material, and information flows". They advanced MFA
from a general concept (like earlier studies on urban metabolism or chemical engineering mass
balances) into a standardized tool for quantifying resource use, waste generation, and
environmental emissions on a regional or city scale. This provided a crucial foundation for
modern waste and resource management, as well as the transition to a CE (Brunner &

Rechberger, 2004, Chen & Graedel, 2012).

Bringezu and Moriguchi (2002) extended MFA to encompass entire process chains—from
extraction or harvest, chemical transformation, manufacturing, consumption, recycling, and
disposal of materials — quantifying the inputs and outputs in physical unit (usually in tonnes).
They differentiated between Material Flow Accounting (MFAc), which focuses on system-
level input—output balances, Substance Flow Analysis (SFA) and MFA which extend this
accounting toward dynamic modeling of material use within systems. While the principle is
the same, MFA tracks bulk materials or goods (e.g., total biomass, steel), and SFA tracks

specific elements or chemical compounds (e.g., phosphorus, cadmium).

Building on these foundations, Brunner and Rechberger (2017) redefined MFA as “a
systematic method for quantifying the flows and stocks of materials or substances within a
specific system boundary in space and time”. It connects sources, pathways, and final sinks of
materials, enabling a clear understanding of the entire lifecycle of materials under
investigation. Similarly, Graedel (2019) characterized MFA as the central methodology of
industrial ecology that "quantifies the ways in which the materials that enable modern society
are used, reused, and lost”. Graedel (2019) outlined its defining features: (i) system-level

analysis rather than a singular material flow; (ii) a detailed description of each flow, whether
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physical or monetary; (iii) the quantification of significant material flows; and (iv) visualization

through numerical and diagrammatic outputs.

More recently MFA has been used as a key tool in circular economy strategies and management
of resource, waste, and the environment (Brunner & Rechberger, 2017; Graedel, 2019;
European Commission, 2020; EMF, 2022; Ibanez-Forés et al., 2023). MFA is employed to
identify key material flows and stocks across different level (macro — meso — micro) — from
national economic systems (Jacobi et al., 2018), industrial sectors (De Marco et al., 2009;
Lombardi et al., 2021), to individual products or firms (Lagioia et al., 2012; Ravitz Wyngaard
& Kissinger, 2019; Amicarelli et al., 2020).

Huang et al.(2012) further highlight M/SFA as a key tool for sustainable development
assessment through four connection points: (i) create a systematic database to improve waste
recycling efficiency and reduce resource extraction and emissions, (i1) identifying critical
pathways for resource loss and inefficient use, (iii) establishing indicators to increase recycling
levels and minimize waste volume, and promoting wiser resource use, (iv) optimizing material
use and processing by applying modeling socioeconomic responses to different material or

substance flows or a closed cycle industrial model.

By quantifying inflows, outflows, and losses, MFA helps detect critical material fluxes and
environmental impacts, thereby supporting the modeling of socio-metabolic systems and the
interactions between nature and society (Fischer-Kowalski & Rotmans, 2009; Haberl et al.,
2011; Bogadottir, 2020). The approach provides reliable data for evaluating resource
efficiency, circularity, and waste reduction initiatives (Allesch & Brunner, 2016; Wang et al.,
2020; Khlifa et al., 2024). It informs decision-making by identifying inefficiencies and
opportunities for product redesign, life extension, resource recovery, and closed-loop systems

(Henri & Journeault, 2010; Blomsma et al., 2019; De Jesus et al., 2018, 2021).
3.4. Material Flow Analysis in agri-food system

In recent years, numerous studies have applied Material Flow Analysis (MFA) to examine
resource consumption, energy consumption, and waste generation across different industries
(Brunner & Rechberger, 2017; Amicarelli et al., 2021). Within the agri-food industry, MFA
has proven to be a valuable tool for assessing the economic and environmental implications of

production systems, supporting sustainable management practices and policy development
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(Beretta et al., 2013; Amicarelli et al., 2020). These studies highlight that MFA enables a
systematic understanding of food value chains and facilitates the identification of

inefficiencies, waste hotspots, and opportunities for circularity.

In AFVC, MFA has been employed to measure and qualify FLW throughout the food supply
chain—from agricultural production to processing, distribution, retail and final consumption
(Beretta et al., 2013; Augustin et al., 2020). Studies demonstrate that its application extends
across all stages of the agri-food system. For instance, at the agricultural stage, Tamura and
Fujie (2014) analyzed the material cycle of agriculture in Japan, focusing on sugarcane,
pasturage, and beef cattle. Their study highlighted the potential of MFA to enhance resource
efficiency and employ industrial symbiosis to create environmental and economic benefit.
Similarly, Ghani et al. (2017) applied MFA to farming and livestock systems, quantifying
agricultural inputs and outputs and energy consumption, and identifying opportunities for

recovery, reduce natural resource use and pollution to the environment.

At the industrial processing stage, Amicarelli et al. (2020) conducted MFA research on the
Italian potato industry, combining top-down national statistics with bottom-up process data to
measure food losses across production stages—from primary processing to chip and dried
product manufacturing. Their findings revealed substantial wastage-related losses embedded
in resources such as starch and energy, providing a quantitative basis for intervention and waste

minimization to improve resource efficiency and circular production.

At the distribution and consumption stages, Leray et al. (2016) used MFA to evaluate food
distribution, warehousing, and management practices, integrating both quantitative (“how

much”) and qualitative (“what” and “why”) perspectives on food waste.

Further applications extend to the whole supply chain. Wyngaard and Kissinger (2019) applied
MFA to desert food production system, examining resource use (water, land, energy and
material) from cultivation to post harvest, shipping and waste disposal. Their study highlighted
the biophysical strengths and constraints of different technologies and emphasized the need for
stronger public policy investment to enhance food system sustainability. Similarly, Amicarelli
et al. (2021) employed MFA in the entire Italian beef sector to evaluate natural resource use
(water, energy, materials) and waste generation. Their study demonstrates that MFA enables a
more comprehensive understanding of the metabolic processes within agri-food systems and

provides accurate data for calculating environmental indicators such as carbon and water
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footprints and for conducting life cycle assessments. It also supports governments and
businesses in evaluating resource use and waste management practices, as well as enhancing

consumer awareness of sustainability and resilience in the agri-food sector.

Collectively, these studies confirm the utility of MFA as a critical tool for quantifying and
managing flows within the agri-food system. It allows for the qualification and quantification
of inputs (e.g., raw materials, water, energy) and outputs (e.g., food waste, emissions) along
the entire food chain, while identifying critical loss points and resource inefficiencies
(Amicarelli et al., 2020, 2021). Therefore, MFA supports the implementation of circular
economy strategies by highlighting opportunities for reuse, recycling, and energy recovery
from food waste, aligning with the Sustainable Development Goals (SDGs) and fostering

industrial symbiosis initiatives (Amicarelli et al., 2021).

In the context of the Vietnamese cashew nut value chain, this study adopts a simplified MFA
framework focused on mapping key material inputs (raw wet cashew nuts) to outputs (kernels,
by-products) across major processing stages. This approach will provide an empirical
foundation for understanding how material efficiency and circularity can be improved within
the sector. By tracing physical flows and identifying points of material loss or underutilization,
the analysis contributes to identifying opportunities for waste valorization and sustainable

resource management in the cashew industry.
3.5. Circular economy
Circular economy concept

The academic definition of the circular economy (CE) has evolved over time, moving from a
narrow focus on waste management to a broad, systemic approach and continues to draw
attention from both researchers and practitioners (Kirchherr, 2021; Kohler et al., 2019; Vecchio
et al.,, 2022). While there is no single, universally agreed-upon definition, key academic

references show a clear progression.

The foundational ideas of CE emerged from various disciplines long before the term "circular
economy" became mainstream. Economist Kenneth Boulding (1966) is often cited for his
paper, "The Economics of the Coming Spaceship Earth." He contrasted the linear "cowboy
economy", which assumes infinite resources, with a "spaceman economy", which operates

within the finite limits of a closed system. His work provides foundation for comprehending
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the need for recycling and resource reuse — two fundamental principles of CE (Lewandowska

et al., 2022; Viglioglia et al., 2021).

Walter Stahel (1982) proposed a "closed-loop economy", which focused on extending product
lifespans through reuse, repair, or remanufacturing instead of disposal. Stahel (2010) later
coined the term "performance economy", advocating for business models that sell a product's
function rather than the product itself. This prolongs product lifecycles and reduces waste. His
work has greatly influenced contemporary CE ideas that emphasise industrial resilience and

sustainability.

Simultaneously, the field of industrial ecology emerged, viewing industrial systems as
ecosystems where waste from one process becomes a resource for another, a concept referred

to as "industrial symbiosis" (Graedel & Allenby, 1995).

Michael Braungart and William McDonough (2002) proposed the Cradle-to-Cradle (C2C)
design philosophy, which is central to modern CE thinking. It re-conceptualized "waste" by
distinguishing between biological nutrients (materials that can safely return to the biosphere)
and technical nutrients (materials that can be infinitely cycled within industrial systems). This
C2C approach emphasized resource recovery and waste minimization (Mang & Reed, 2017),

moved the focus from mere recycling to intentional, regenerative design.

Expanding on CE concepts, Gunter Pauli (2010) in his book "The Blue Economy" promoted
creative business strategies that produce no waste and coexist peacefully with natural systems.
Pauli's strategy promotes the conversion of trash into useful resources, improving sustainability

and environmental health (Hira et al., 2022).

While not a traditional academic institution, the Ellen MacArthur Foundation (EMF) has
become arguably the most influential source for the contemporary definition of CE. Their
widely cited definition describes CE as "an industrial system that is restorative or regenerative
by intention and design" (EMF, 2015). They are credited with popularizing the three core
principles: “(1) Design out waste and pollution; (2) Keep products and materials in use; (3)
Regenerate natural systems.” This framework shifted the focus from a narrow, end-of-life

approach to a holistic, systemic one (Ghisellini, Cialani, & Ulgiati, 2016).

As the field matured, scholars began to analyze the various definitions to identify

commonalities and gaps. Kirchherr et al. (2017) conducted a systematic review of 114 CE
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definitions from academic and professional sources. They found that while there was no single
definition, most referenced the 3R principles (reduce, reuse, recycle). Their synthesis
highlighted CE as "an economic system that is based on business models which replace the
'end-of-life’ concept with reducing, alternatively reusing, recycling and recovering materials

in production/distribution and consumption processes."

In a more recent study, Kirchherr et al. (2023) analyzed 221 CE definitions from 2017-2023.
They ultimately defined CE as “The circular economy is a regenerative economic system which
necessitates a paradigm shift to replace the ‘end of life’ concept with reducing, alternatively
reusing, recycling, and recovering materials throughout the supply chain, with the aim to
promote value maintenance and sustainable development, creating environmental quality,

economic development, and social equity, to the benefit of current and future generations.”.
Strategies for CE implementation

The application of the Circular Economy represents a fundamental shift from the linear "take-
make-dispose" model to one that is restorative and regenerative by design (EMF, 2015; Masi
et al., 2017). This transition redefines how value is created, delivered, and captured across all
stages of a product's lifecycle, emphasizing the prolonged circulation of products, components,

and materials at their highest utility (Alhawari et al., 2021).

Common strategies in the CE literature to achieve circularity include “smarter product usage
(refuse, rethink, reduce), extending product life (reuse, repair, maintain), and circulating
materials at end-of-life (recycling, cascading)” (Brandstrom & Eriksson, 2022). Effective CE
design principles involve “closing material loops (reusing materials), slowing them (extending
product life), and narrowing them (increasing efficiency and reducing consumption)” (Esteban-

Amaro et al., 2023).

Academic literature emphasizes that CE transition requires the integration of circular strategies
across all stages, extending beyond traditional end-of-life management to encompass product
design, business models, and multi-stakeholder collaboration (industry, consumers,
policymakers, academia) (Kirchherr et al., 2023, Groenewald et al., 2024; Solomon et al.,
2024). Esteban-Amaro et al. (2023) suggest that CE business models need a holistic approach
that involves all stakeholders, rather than merely focusing on business profitability. According

to Houssard et al. (2022), CE requires rethinking value creation across the VC, moving from
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individual gains to collective benefits, where cooperation and shared value creation enhance
eco-efficiency and resilience across systems. Huybrechts et al. (2018) emphasize that
successful CE adoption involves both bottom-up efforts from companies and top-down

integration of CE principles in legislation and policy.

Kirchherr et al. (2021) indicate that the application of circular principles occurs at three levels:
micro (individual products), meso (eco-industrial parks), and macro (city, nation, or global
systems). At the micro level, which concerns individual firms and products, circularity is
achieved through design innovation and alternative business models that extend product
lifecycles such as designing for disassembly, modularity, and adopting service-based
models—where consumers pay for access rather than ownership—allow materials and
components to be reintegrated into production systems in both economically and
environmentally viable ways (Bocken et al., 2016; Liideke-Freund et al., 2019). At the meso
level, networks of firms and industrial actors collaborate to optimize material and energy flows.
These collaborations often occur through eco-industrial parks, cross-sector partnerships, and
circular marketplaces that facilitate resource sharing and knowledge exchange across value
chains (Farooque et al., 2019; Genovese et al., 2017; Patala et al., 2022; Rajala et al., 2018).
Within these arrangements, new intermediary roles—such as those managing the collection,
transportation, and processing of secondary materials—emerge to enhance system-wide
circularity (Tate et al., 2019). At the macro level, the broader institutional and policy
environment shapes how effectively circular strategies can be adopted. National and regional
governance systems, economic incentives, and regulatory frameworks can either foster or
constrain CE implementation. For instance, certain policies may prioritize recycling initiatives
while providing fewer incentives for practices aimed at reducing material use or redesigning
products for longevity (Moreau et al., 2017; Ranta et al., 2018). Overall, this multi-level
framework underscores that achieving a circular economy requires coordinated action among
firms, industries, and policymakers, supported by enabling institutions and the emergence of

new collaborative roles within the value chain.
3.6. Circular economy in the value chain

CE in the value chain refers to the idea of integrating CE principles into value chain operations

to transform traditional linear processes into circular ones thereby promoting resource
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efficiency, waste minimization, and regenerative value creation (Pavel, 2018, Srividya et al.,

2023).

Geissdoerfer et al. (2018, p. 713) conceptualize the circular value chain—within the broader
circular supply chain—as an operational model that implements five strategies: closing,
narrowing, slowing, intensifying, and dematerializing resource loops. This definition
emphasizes the operational mechanisms that underpin circularity, focusing on the systemic

redesign of material and information flows.

Pavel (2018) differentiates the circular value chain from Porter’s (1985) traditional value chain,
arguing that the latter reflects a linear economy which prioritizes organizational value creation
through cost efficiency and competitive advantage, but ignores reverse logistics and generates
social and environmental value. The circular model, by comparison, embeds sustainability
principles across both primary and support activities, extending value creation beyond
organizational boundaries to encompass broader societal and ecological outcomes (Pavel,
2018). Batista et al. (2018, p. 446) similarly highlight that circular value chains as “the
coordinated forward and reverse logistics via purposeful business ecosystem integration for
value creation from products/ services, by-products and useful waste flows through prolonged
life cycles that improve the economic, social and environmental sustainability of

organizations”.

Kirchherr et al. (2017) proposed that a framework for implementing CE within value chains is
the R hierarchy (Refuse, Rethink, Reduce, Reuse, Repair, Refurbish, Remanufacture,
Repurpose, Recycle, and Recover), often depicted as a ladder or funnel , where higher-level Rs
represent the most significant environmental and economic benefits by keeping products and
materials in circulation for as long as possible and at their highest utility as illustrated in the
Figure 3.3. The framework operationalizes circularity through three principles: “useful
application of materials, extended lifespan of products & parts, and lastly smart products use

& manufacturing”.
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Figure 3.3. The 9R Framework (Kirchherr et al., 2017)

Building on this framework, Pavel (2018) proposed the definition of circular value chain as “A4
process and activities by which organizations retain and regenerate values to an article from
secondary raw materials through reverse logistics and propose regenerative value by
practicing sustainability in supporting activities: human resources, procurement, technology,
and firm infrastructure” as presented below in Figure 3.4. This perspective aligns with the
broader CE literature (Kalmykova et al., 2018; Batista et al., 2018, Vegter et al., 2020; Srividya
etal., 2023, Solomon et al., 2024), which emphasizes a holistic transformation of value creation
processes across all stages from material sourcing, design (for circularity/disassembly),
manufacturing, distribution & sales, consumption & use, logistics, and recycling & recovery.
These studies indicate that the circular value chains can be viewed as a holistic framework that
not only closes material loops but also redefines the purpose of value creation, integrating

economic competitiveness with environmental regeneration and social well-being.
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Figure 3.4. Framework for circular value chain (Pavel, 2018)
3.7. Circular economy in agrifood value chain

There is increasing interest in the concept of circular economy (CE) across sectors, including
business, government, academia, and among consumers as a strategy to decouple economic
growth from resource depletion. However, a well-established CE framework specifically
tailored to the agri-food value chain is still developing. Stakeholders in the agri-food chain
increasingly recognize businesses play a central role in operationalizing CE principles,
adopting sustainable practices throughout production, manufacturing, and distribution systems

(Russell et al., 2023; Sacco et al., 2021; Keyser & Mathijs, 2023).

Within the agri-food system, CE practices have been adopted to address the sector’s complex
environmental and socio-economic challenges including food security, resource scarcity,
degradation of natural resources, and health hazards due to unsustainable practices (Nattassha
et al., 2020, FAO, 2018). The agri-food chain is unique because its biological cycles generate

significant organic waste and by-products, making CE principles such as reducing waste,
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reusing materials, and repurposing by-products particularly relevant (Klein & Tamasy, 2022).
However, Kumar et al. (2021) argue that high levels of wastage and losses across food chain

are major barriers to achieving circularity.

Food loss and waste (FLW) are central to CE discourse in agri-food systems. The concepts of
"food loss" and "food waste" may or may not be recognized as distinct entities in the food
supply chain (Kennard, 2019). FAO (2019) defines food loss as the quantity of food wasted
during the post-harvest, production, and processing stages of the food supply chain. And food
waste is defined by Edjabou et al. (2016) as the waste produced during food processing, post-
harvest handling, storage, agriculture production, retail and wholesale distribution, domestic
kitchens, and large-scale consumption. In practice, any food stuff that is discarded by a
producer, processor, transporter, or consumer at any point in the food chain would be referred

to as FLW.

Similarly, Jurgilevich et al., 2016 & Principato et al., 2019 highlight that FLW occurs
throughout the value chain, and therefore represents substantial opportunities for CE
interventions. Recent studies (Yontar, 2023; Jabbour et al., 2023; Abbate et al., 2023; Di¢guez-
Santana et al., 2022) suggest that integrating CE principles into food production and processing
improves resource efficiency, minimizes waste, and promotes sustainability by fostering
closed-loop systems. From environmental perspective, FLW represents not only discarded
biomass but also wasted inputs such as fertilizer, water, energy, land and other inputs (Tanveer
et al.,, 2021). They suggest that preventing and valorizing FLW contributes to conserving
natural resources, reducing environmental burdens, supporting food security and fostering a

societal well-being.

Common CE strategies in agri-food systems include waste valorization, energy and nutrient
recovery, and the reuse of secondary materials without costly remanufacturing (Vlajic et al.,
2018; Hogeboom et al., 2018; He et al., 2020). Many studies (e.g. Tanveer et al., 2021;
Nattassha et al., 2020; Venkata et al., 2016) highlight that maximizing the value extraction
from agri-food by-products and waste before final disposal. Converting these wastes into
higher-value products like nutraceuticals, food ingredients, fertilizers, animal feed, biomaterial
and bioenergy could create new business opportunities, strengthen local economies, enhance
food security, and support intersectoral sustainability. For instance, wheat co-products are

commonly repurposed for animal feed (Principato et al., 2020), byproducts like butter and pig
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blood can be valorized in other industries (Noya et al., 2017), waste streams (slaughterhouse
waste, manure, post-consumer food scraps) are utilized for anaerobic digestion to produce

biogas and digestate (Sharma et al., 2024).

Additionally, empirical evidence demonstrates the potential of circular economy practices in
agricultural value chains. For example, in Vietnam’s rice value chain, over 50 million tons of
byproducts (straw and husks) are produced annually (UNDP, 2024). Traditionally, these
residues are often burned, releasing large quantities of greenhouse gases. Recently, initiatives
have turned these byproducts into valuable resources (UNDP, 2024). Rice straw is now being
used as a substrate for mushroom cultivation, with the residue substrate composted into organic
fertilizer. Rice husks are valorized as a clean energy source, burned in biomass boilers to
generate electricity, while the resulting ash is used as an organic fertilizer. Straw and husks are
also applied in biological bedding, construction materials, charcoal, handicrafts, and medicine.
Similarly, Cherubin et al. (2021) in the study about Brazil’s sugarcane sector, highlight a
mature CE approach of integrating producing food (sugar) and bioenergy production
(bioethanol and bioelectricity), the later represents a renewable energy alternative to fossil fuels
with reduced impacts on biodiversity and food security (Cherubin et al., 2021). Sugarcane
byproducts (straw, bagasse, molasses, filter cake, and vinasse) are systematically valorized.
Bagasse and straw are used as fuels for cogeneration, producing steam and electricity for
industrial needs (36.8 TWh) and national electricity demand (5.9% of Brazil’s total production
in 2019). The resulting ash, filter cake and vinasse are combined to produce a nutrient-rich
biofertilizer returned to the fields and closed nutrient loops. Molasses is fermented to produce
bioethanol. These rice and sugarcane value chain models exemplify how CE can
simultaneously advance agricultural productivity, energy self-sufficiency, and environmental

sustainability.

Despite these promising examples, CE adoption in agri-food systems faces challenges such as
(1) high initial and transition costs, (2) operational knowledge and information gaps, (3)
resistance to change, (4) technical knowledge and information needs, and (5) conflicting
policies and institutional barriers, (6) insufficient coordination among actors (Keyser &
Mathijs, 2023, Humberto et al., 2025). Overcoming these challenges requires a systemic
approach involving alignment of regulatory frameworks, stakeholder collaboration, and
reconfiguration of value creation processes to transition from linear models towards circular

agri-food systems.
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Chapter 4. Research method

The research methods used in this study will be presented in this chapter. This chapter includes
the following sections: research approach, research methodology, the specific study area in
Vietnam, sampling approach, data collection tools, data analysis techniques, and proposed
steps for this research. Additionally, ethics considerations are emphasized as an important

aspect of this study.
4.1. Research method

According to Creswell (2018), research methods and research design significantly depend on
the research purpose, the researcher’s expertise, and the target respondents. Research methods
are commonly characterized into qualitative, quantitative, or mixed approaches. Qualitative
approach is often used to develop theories, build a foundation of understanding for science and
provide in-depth understanding of a phenomenon. Bhattacherjee (2012) supports the view that
qualitative methods help identify multiple objectives and construct knowledge rather than
merely exploring reality. On the other hand, quantitative research, which relies on numerical
data and measurable variables, follows a deductive logic of theory testing. Martin and
Bridgmon (2012) further argue that the use of large sample sizes in quantitative studies
enhances objectivity compared to qualitative approaches. Martin and Bridgmon (2012) further
argue that a quantitative approach, by surveying a large sample size, provides more objectivity
than a qualitative approach. Because quantitative methods provide objectivity through
numerical measurement, while qualitative methods offer depth, contextual understanding and
flexibility. In this study, qualitative research design was used to gain in-depth knowledge of
stakeholder perspectives, practices and governance structures. Within this qualitative
framework, dedicated quantitative component is integrated for an MFA, because the MFA
measures and quantifies the physical stocks and flows of materials within a system (Brunner

& Rechberger, 2016).

This research objectives are to map the current cashew value chain in Binh Phuoc province,
analyze the cashew nut value chain, analyze a material flow in the cashew sector, and analyze
the circularity of the cashew sector in Binh Phuoc region. To achieve these objectives, this
study uses semi-structured interviews as a primary tool for collecting rich, contextual data from
stakeholders. Concurrently, the quantitative MFA is constructed using both physical

measurements and quantitative information obtained from these interviews, secondary reports,
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and field observations. This approach ensures in-depth understanding, where the qualitative
analysis explains how and why of the value chain, while the MFA quantifies the what and how

much of its material metabolism in the cashew sector.
4.2.  The specific study area in Vietnam

The study was conducted in Binh Phuoc province, recognized as the cashew capital of Vietnam.
The province has a cashew cultivation area of 149,647 ha, accounting for over 52% of the
country's total cashew-growing area of 285,200 ha (Binh Phuoc Statistical Yearbook, 2024;
GSO, 2024). Additionally, Binh Phuoc's cashew production is significant, reaching 153.1
thousand tons compared to the national total of 347.6 thousand tons, representing more than

44% of the country's cashew output.

Binh Phuoc covers an area of 6,876.6 km? and had a population of 1,045,490 in 2023 (Binh
Phuoc Statistical Yearbook, 2024). It is located in the Southeast region of Vietnam and borders
several provinces, including Dak Nong, Binh Duong, Lam Dong, Dong Nai, and Tay Ninh.
Additionally, it shares a border with Cambodia. Below is the administrative map of Binh Phuoc
province (Figure 4.1). The province is divided into 11 district-level administrative units and
111 commune-level administrative units for governance. Depending on soil conditions and
topography, Binh Phuoc exhibits diversity in both crop cultivation and livestock farming.
Regarding cashew cultivation, the districts with the largest cultivation areas and highest yields
include Bu Dang, with nearly 60 thousand ha of cashew plantations producing nearly 60
thousand tons per year, followed by Bu Gia Map and Phu Rieng, which have 31.38 thousand
ha producing 40.79 thousand tons and 22.75 thousand ha yielding 30.70 thousand tons,
respectively (Binh Phuoc Department of Agriculture and Rural Development, 2024). The
distribution of cashew cultivation by district in Binh Phuoc province in 2022 is presented in

Table 4.1 below.
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Figure 4.1. Administrative map of Binh Phuoc province (MARD BP)

Regarding the cashew processing, cashew manufacturers (also act as the importers and
exporters) are primarily concentrated in Phuoc Long (with 262 companies) and Bu Dang (with
72 companies), along with approximately 1,000 small-scale processing household businesses
scattered across Binh Phuoc province (Binh Phuoc Department of Agriculture and Rural

Development, 2024).
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Table 4.1. The distribution of cashew cultivation by district in Binh Phuoc in 2022

Area Productive Area Yield Production
No. District
(ha) (ha) (quintals/ha) (tons)
Total Province 151,892 148,326 11.5 170,358
1 Bu Dang 60,240 59,200 14.0 82,880
2 Phu Rieng 23,200 22,750 13.5 30,713
3 Bu Gia Map 32,150 31,380 13.0 40,794
4 Dong Phu 16,275 16,275 10.3 16,763
5 Phuoc Long 5,054 5,053 13.5 6,822
6 Loc Ninh 3,650 3,650 11.0 4,015
7 Hon Quan 3,850 3,685 10.3 3,796
8 Dong Xoai 1,500 1,410 10.0 1,410
9 Bu Dop 2,310 2,037 10.5 2,139
10 Binh Long 900 830 10.5 872
11 Chon Thanh 210 210 9.6 202

(Source: Department of Agriculture and Rural Development, 2024)

4.3. Data collection approaches

This study collected data from both primary and secondary sources. The primary data collection
was designed to concurrently capture insights on value chain dynamics and some quantitative
data required for MFA. Data collection was conducted from mid-December 2024 to the end of

March 2025.

4.3.1 Secondary data collection
Secondary data was collected to contextualize the study and supplement the primary MFA data.
Sources included:
o The Statistical Yearbooks of the General Statistics Office of Vietnam (GSO, 2023,
2024) and the Binh Phuoc Provincial Statistics Office (BP GSO, 2024).
o Publications and internal reports from the Department of Agriculture and Rural

Development of Binh Phuoc Province and Binh Phuoc Cashew Association.

42



4.3.2 Primary data collection

Primary data was collected through two methods: semi-structured interviews and physical

measurements.

4.3.2.1. Semi-structured interviews

Semi-structured interviews were conducted with key stakeholders across the cashew value
chain, including agricultural suppliers, farmers, farmer groups, intermediaries
(collectors/traders), processors, and relevant government agencies. This method was chosen as
it allows participants to share in-depth insights based on their experiences, articulate their
perspectives, and justify their statements (Adeoye-Olatunde & Olenik, 2021). Its flexibility
also supports an iterative process, enabling the refinement of questions based on emerging

findings from earlier interviews. The interview guide was designed to serve a dual purpose:

e Qualitative data: To explore themes of key stakeholders, material flows, governance
structure, power relations, information flows, current practices, challenges, and circular

economy practices.

e Some quantitative data for MFA: To solicit estimates of material flows. Respondents
were asked to provide quantitative data in local or standard units (e.g., inputs per
hectare, yield per hectare, quantity of raw nuts purchased per month, processing
conversion rates, types and amounts of by-products and waste generated, prices of each

inputs and outputs, conversion rate of CNS to CNSL).

4.3.2.2.Direct physical measurements for MF A

Direct physical measurement was considered the most accurate method for quantifying
material flows (Amicarelli et al., 2020). In this research, on-site measurements were conducted
at key material transfer points in the value chain to establish quantities and validate interview-

based estimates. The measurement protocol and sites involved:

e On-farm measurements: conducted to determine initial mass of fresh cashew fruits,

cashew apples and wet cashew nuts.
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o

Site and sample selection: Measurements were taken from farms visited during
the peak harvest season (February to March 2025). Different cashew varieties
were identified through farm observations and farmer interviews.

Procedure: For each identified variety, whole fruits were collected, and a sample
mass of approximately 2 kg was weighed using a Skg-capacity digital scale.
This sample size was chosen to be representative; as some individual cashew
fruits can be large (e.g., ~100 g each), a 1 kg sample would contain too few
fruits (~10) to reliably account for natural size variation within the variety. For
each variety-specific sample, the following components were separately
weighed and recorded: the whole fresh fruit, the separated cashew apple, the
attached wet cashew nut.

Replication and standardization: The weighing procedure was performed in
duplicate for each variety to ensure consistency. The recorded mass data for
each component was standardized to a grams-per-fruit basis. Finally, the mean
values (in g/fruit) for the whole fruit, apple, and nut were calculated by
averaging the results across all sampled varieties. This produced the average

conversion factors used for modeling material flows in the farm-stage MFA.

e Processing facility measurements: at selected processing facilities, measurements were

conducted to capture mass flows, mass balance, nut counts and conversion rates for key

processing stages. The protocol was as follows:

o

A 1 kg sample of raw cashew nuts was prepared for both wet (fresh) and sun-
dried conditions. The total number of nuts in each 1 kg sample was counted.
This nut count per kilogram was used to standardize all subsequent mass
measurements to a consistent grams-per-nut basis, controlling for natural
variation in nut size. The 1 kg sample was then tracked through two key
processing stages:
= Shelling stage: After mechanical shelling, the total mass of the resulting
kernels and the separated hard shells were weighed. A 1 kg sub-sample
of the unshelled kernels was taken, and the number of kernels was

counted.
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= Peeling (Testa removal) stage: After the peeling process, the total mass
of the final white kernels and the removed testa were weighed. Again, a

1 kg sub-sample of the peeled kernels was taken for a kernel count.

o This entire procedure—from the initial 1 kg raw nut sample through to the final
peeled kernel count—was performed in duplicate within each facility to ensure
reliability. Sample nuts were collected randomly from different locations within
the facility's processing batch to ensure the sample was representative of the

overall material stream.
4.4. Sampling methods
This study employed different sampling strategies for its qualitative and MFA data collection.

To identify and recruit interview participants across the cashew value chain, both purposive
sampling and snowball sampling methods were used to collect data. Purposive sampling was
applied initially to strategically select knowledgeable key informants who could provide a
strong foundational understanding of the chain (Patton, 2015). Government agencies were first
approached to provide background information and to introduce stakeholders within their local

networks.

Snowball sampling was then applied to identify value chain players involve “multi-stage
processes” in a social framework, which leverage the networks of their initial participants to
access a wider, allow to reach populations that are difficult to identify or contact thereby
providing a deeper exploration of the phenomenon, as the participants’ unique accessibility,
insights and perspectives (Naderifar et al., 2017). Thus, these approaches were used to gather

information from various cashew actors along the value chain to ensure trust and quality data.

The dataset consisted of interviews with 58 different stakeholders across the cashew value
chain in Binh Phuoc province. The sample included: farmers (30), cooperative (3),
intermediaries (4), processors (21), and government officers (3) (farmers’ associations
representatives, Binh Phuoc MARD, and regional cashew association). Respondents were
selected from districts with the highest levels of cashew cultivation and processing activity as
discussed in Section 4.2. The distribution of interviews across these districts is detailed in Table

4.2 and illustrated in Figure 4.2.
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Table 4.2. Data collection design for semi-structured interviews

Processors
Intermediaries Government
Farmers Cooperatives (Kernel +
(traders/collectors) agencies
CNSL)
Total 30 3 4 18+3
Bu Dang 12 2 8+1 1
Bu Gia
Cashew 7 1 1 1
cultivatation _
Phu Rieng 6 1
Dong Phu 5 1 1
Cashew Phuoc
8+1
processing Long
Region’s
Administrative Dong Xoai 1+1 1

office
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Tromm Kraém
;'-. " Kaev Seima
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Khum Dong Cambodia__
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Figure 4.2. Geographic locations of data collection sites
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The sampling strategy for direct physical measurements employed purposive sampling, with
the objective of establishing accurate material conversion factors for the MFA rather than
achieving statistical representativeness. The specific farms and processing facilities selected

for direct measurement are detailed in Appendix 7.

On-farm measurements: From the larger pool of interviewed farmers, a purposive sub-sample
of 10 farms was selected based on three criteria: 1) willingness to permit detailed on-site
measurements, 2) cultivation of different cashew varieties, and 3) representation of different

farm sizes and locations to capture variability.

Processing facility measurements: Similarly, a purposive sub-sample of 3 cashew kernel
processing facilities was selected from among the interviewed processors. Selection criteria
focused on both access and technological diversity: 1) agreement to provide access for in-
process weighing and 2) variation in processing technology (e.g., manual vs. automatic

mechanized).
4.5. Respondents’ descriptive

General information about the interview respondents in the cashew nut value chain, such as
gender distribution, labor age distribution, and educational background, year experience is

presented in Table 4.3.
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Table 4.3: Respondents’ descriptive

Description Attributes Farmers Intermediaries Processors Government
(Collectors & (kernels + agencies
trader) CNSL)
Number 30 4 21 3
Age 20 — 40 years 6 1 8 1
40 — 55 years 9 3 9 2
55 — 70 years 15 4
Gender Male 18 2 14 3
Female 12 2 7
Education Primary 3
Secondary 9
Highschool 13 2 6
College & 5 2 15 3
University
Year 5 — 10 years 2 1 3
experience 10 — 15 years 5 3 10 1
>15 years 23 8 2

4.6. Data analysis

In this study, the data analysis consisted of two processes: reflexive thematic analysis for

qualitative interview data and MFA modeling for quantitative physical data.
4.6.1 Qualitative data analysis: Reflexive thematic analysis

Qualitative data from semi-structured interviews were analyzed using Reflexive Thematic
Analysis (TA) as developed by Braun and Clarke (2006; 2019). TA is a flexible, iterative
method for identifying, analyzing, and reporting patterns (themes) within textual data. Its
adaptability allows it to be used within different research paradigms and supports a hybrid of
deductive and inductive coding (Almed et al., 2025; Braun & Clarke, 2006), making it suitable

for analyzing complex systems like agricultural value chains.

The analysis followed Braun and Clarke's six-phase framework, adapted for this study as

outlined in Table 4.4. A key feature of this approach is its emphasis on reflexivity, requiring
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the researcher to continually reflect on their assumptions and theoretical positions throughout

the analytic process (Braun & Clarke, 2019).

Table 4.4. Thematic analysis phases and practical applications

Thematic analysis phase

Practical application in this study

1. Familiarization with the data

Immersion in interview transcripts by repeated reading and
note-taking, using reflective memos to capture early

observations.

2. Generating initial codes

Manual coding of transcripts to identify significant
features. A hybrid strategy was used: deductive codes
derived from core concepts (based on predefined
theoretical constructs such as VCA, MFA, CE principles)

and inductive codes emerging from the data.

3. Searching for themes

Collating codes into broader patterns related to value chain

dynamics, material management and circularity.

4. Reviewing themes

Checking themes for internal coherence and fit with the
entire dataset; refining by splitting, combining, or

discarding themes.

5. Defining and naming themes

Articulating the essence and scope of each theme; selecting

illustrative data extracts.

6. Writing up

Findings were presented through an analytical narrative
that linked the themes to literature and theoretical

frameworks within the cashew value-chain context.

(adapted from Braun & Clarke, 2006; 2019)

4.6.2 Data analysis for MFA modelling

The quantitative data for the MFA was analyzed by establishing a mass balance of the cashew

value chain. The analysis comprised three phases: data preparation, model construction, and

economic valuation, followed the MFA protocol (Brunner & Rechberger, 2016).
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Data preparation and standardization

All primary data — direct weight measurements and quantitative estimates from interviews as
discussed in Section 4.3.1 — were compiled and organized in a Microsoft Excel spreadsheet.
All mass units were standardized to grams, and monetary values were recorded in Vietnamese
DPong (VND). Key physical conversion factors were calculated from the direct measurements.
For the farm stage, this included the average mass of whole fruit, cashew apple and wet nut,
and the nut-to-apple ratio. For the processing stage, factors such as the average mass of wet
and dried nuts, the kernel recovery rate (%), and the generation rates of shells and testa (kg per
kg of input nuts) were established. Quantitative information collected during stakeholder
interviews for the 2024-2025 reference period were calculated as averages or medians and,

where feasible, cross-verified with data from industry associations to ensure robustness.
Model construction and calculation:

The MFA model was constructed with a system boundary defined as "from farm to processed
kernel," encompassing all processes from harvesting to the production of shelled kernels. Using
Excel, the quantified material flows were calculated by applying the measured conversion
factors (e.g., g/nut, nut-to-apple ratio, kernel recovery rate) to activity data, such as total
regional cultivation area and average farm yield obtained from interviews and secondary
statistics. This scaling procedure quantified the annual material flows for the entire provincial
cashew system, with detailed results discussed in Chapter 6, Section 6.2. A core
methodological step involved standardizing all material flows relative to a functional unit of 1
kg of final shelled kernel. This was achieved by working backward from the final product using
the established conversion factors to determine the associated quantities of raw nuts, cashew
apples, whole fruit and biomass waste required. The resulting flows were visualized using
Microsoft Visio to create process flow diagrams, clearly illustrating the movement and

transformation of materials across the value chain stages.
Economic value flow integration

To complement the biophysical analysis and assess economic distribution, a value flow
analysis was integrated. For each major material flow quantified in the MFA—including
primary products (fresh fruit, wet/dried nuts, kernels) and by-products (cashew apple, shell,

shell cake, CNSL)—an average market price per kilogram was established based on interview
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data. The quantified material flow for each product (in kg) was then multiplied by its
corresponding average price (in VND/kg). This calculation generated the estimated economic
value moving through each transformation stage of the value chain. The outcomes of this
integrated material-economic analysis are presented in Chapter 5 (Tables 5.1, 5.2, and 5.3 and
Figure 5.37), providing a comprehensive overview of the system's metabolism and its value

creation potential.
4.7. Ethical considerations

Ethical considerations are fundamental to ensuring that research involving human participants
(in this study including suppliers, farmers, traders, processors, government officers) was
conducted responsibly and respectfully (Creswell, 2014). This study followed the ethical
principles required by the Massey University Human Ethics Committee (MUHEC). Ethics
application had been submited to obtain ethics approval (Appendix 8) before beginning of the
data collection. Before conducting interviews, participants were provided with clear
information about the research purpose, procedures, and their rights, including the right to
withdraw at any time without consequence. Informed consent was obtained through either
written or verbal agreement, in accordance with ethical research practices that emphasize
respect for people and autonomy (Bell, Bryman, & Harley, 2015). Confidentiality and
anonymity will be strictly maintained and used only for research purposes (Flick, 2013).
Additionally, the research had avoided causing any harm or discomfort to participants and will
respect local customs and cultural practices throughout the process (Morse, 2009). Eventually,
primary data was securely stored and accessible only to the researcher, supervisors, while
secondary data was used responsibly, with proper citation and acknowledgment of sources

(Bazeley, 2013).
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Chapter 5. Result of this study

This chapter discusses the transformation of cashew nut, cashew nut value chain mapping,
material flow of cashew by-products, and comprehensive overview of the transformation of

materials flow and economic value in cashew industry.
5.1. Material flow of cashew nut

This section discusses how the cashew nut transforms from cashew cultivation to finished
products purchased by the consumers as illustrated in Figure 5.1. This section also explains the

activities done by the value chain actors and how those activities change the products.

_ —

.Qashew varietief/)
Cultivation
Harvesting

I
Drying
Processing
7

Cashew Kkernel

Various finished products

Figure 5.1. The transformation of cashew nuts from farm to finished products
5.1.1 Cashew varieties

Over the 35 years since cashew trees were first introduced in Binh Phuoc, various cashew

varieties have been cultivated, propagated, or replanted. The result reveals that the age
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distribution of cashew trees is approximately 12.5% are under five years old, 25% are between

5-10 years, 15% are between 10-20 years, and around 47.5% are more than 20 years old.

Cashew varieties grown in Binh Phuoc fall into two main categories: traditional local varieties
and high-yield improved varieties. Among the latter, PN1, AB29, and AB0508 are the most
widely adopted. Local varieties and PN1, which have been cultivated in the region for decades,

generally produce small to medium-sized nuts.

Farmers select seeds for seedlings based on long-term field observation. They often identify
and select superior trees based on traits such as disease resistance, nut size, and long-term yield
performance, either within their own gardens or neighboring farms. They then either propagate
seeds from these trees or acquire seedlings from trusted nurseries. As one farmer explained:
“We observe our cashew trees all year round, selecting those that consistently produce healthy,
large, and dense nuts. We also observe high-yield, pest-resistant trees in our neighbor’s garden

to purchase seeds.”

More recently, grafted cashew varieties like AB29 and AB0508, developed by the Cashew
Research Institute, have gained popularity among farmers due to their superior traits.
Successful field trials have prompted many to switch partially or entirely to grafted varieties,
with an adoption rate of approximately 70%. A farmer highlighted their benefits, stating:
“Grafted varieties yield more, produce larger and more uniform nuts, and begin bearing fruit

as early as 2 to 3 years after planting.”

However, not all farmers embrace grafted varieties. One farmer shared a contrasting view: “We
prefer propagating seeds from selected trees rather than adopting grafted varieties. While
grafted trees offer larger nuts, they demand more inputs—such as fertilizers and pesticides—and
have weaker trunks prone to breakage. From our experience, seed-grown trees are more

robust, pest-resistant, and maintain high yields even after 20 years.”
5.1.2 Cultivation

Cashew cultivation encompasses various agronomic practices including tree planting,
fertilization strategies, tree pruning, canopy management, orchard sanitation, weed control
measures, pest management and prevention, as well as irrigation. Each of these aspects is

discussed in detail below.
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Tree Planting

Cashew cultivation in Binh Phuoc typically begins with either self-propagation, purchasing
seedlings, or acquiring grafted varieties from certified nurseries or agricultural research centers.
Due to the region's distinct wet and dry seasons, most farmers prefer planting during the rainy
season (from June to November) to utilize the natural rainfall. However, in areas with access

to water sources such as rivers, ponds, or lakes, planting can also occur during the dry season.

As one farmer explained: “Our region has two distinct seasons. dry and rainy. The dry season
is characterized by high temperatures and limited water, so we prefer to plant during the rainy

season to take advantage of natural water for better growth.”

Another farmer added: “Since my orchard is close to the river, I can plant new trees in any
season. However, we still prioritize the rainy season to align with fertilization and care

routines.”

One grower highlighted the practice of replanting: “After the harvest, we cut the old, low-
yielding trees and replace them with new ones. This timing coincides with the onset of the rainy

season, making it ideal for replanting.”

Planting holes are typically 50 cm? and are treated with lime. Spacing varies based on soil type
and farmer experience, ranging from 4x4 m to 6x6 m, with some even using 7x7 m. A common
configuration is 5x5 m, allowing for approximately 400 trees per hectare. As the canopy
expands, farmers thin the orchards, reducing density to about 100 trees/ha, using wider spacing

such as 10x10 m or 12x12 m.
Fertilization

A variety of fertilizers are used in cashew orchards, including chemical fertilizers, animal
manure (from chickens, cows, goats, and buffalo), organic compost (such as straw, fallen
leaves, coffee husks, and rice husks), and microbial fertilizers. Some use only one type, while
others combine multiple types based on experience, availability, affordability and familiarity
to them. For example, one farmer makes use of local resources, ferments chicken and goat
manure, coffee husks, and rice husks with microbial additives. Another creates compost from

fallen cashew leaves, small branches, and weeds to enrich the soil. Meanwhile, some farmers,
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who do not raise livestock or have time for composting, prefer using ready-made fertilizers

from agricultural suppliers.

The research indicates varying fertilizer practices among farmers. A small proportion use only
organic fertilizers, about one-third combine organic and chemical fertilizers while roughly half

rely solely on chemical fertilizers (nitrogen, phosphorus, and potassium).

Fertilizer application ranges from 1-3 times per year, depending on the orchard’s condition and
economic constraints. Most farmers apply fertilizer after harvest — when trees are weakest and

again after leaf shedding and fruit setting, to support tree’s growth and disease resistance.

Despite understanding the importance of fertilization, many farmers apply less than the
recommended amounts, typically 2—7 kg per tree per year, due to economic challenges and
unstable cashew prices. One farmer explained: “Cashew is hardy and requires little care. In
tough years, we didn 't fertilize at all. Fortunately, our soil remains fertile enough to maintain
yields.” Another shared: “Though our fertilizer use is below recommended levels, we try to

’

distribute it over multiple stages to support healthy growth for the trees.’
Pruning and Canopy Shaping

In the early stages of cultivation, farmers prune low-hanging branches near the ground. Later,
as the tree matures, they trim branches strategically to shape the canopy into a layered structure,
allowing the tree to receive adequate sunlight for better vegetative growth, increase shoot

density, reduce pest infestations, and higher fruit yields.

One farmer shared: “Pruning is typically done twice a year, alongside weeding and orchard
maintenance. The best times for pruning are after harvest and before leaf shedding, when

flower bud differentiation occurs.”
Orchard Sanitation and Weed Control

To keep the orchard clean, reduce competition for nutrients, and prevent fire hazards, weeds
are typically cleared three times a year: twice during fertilization periods and once before
harvest. Two main methods are used: manual cutting or herbicide spraying. According to the

interviews, about 55% of farmers prefer cutting, while the remaining use herbicides.
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A farmer explained: “We usually cut weeds instead of spraying herbicides to save herbicides’
costs. Additionally, herbicide spraying can lead to faster soil erosion.” Organic farmers also
rely on manual cutting. However, another expressed contrasting view: “Weeds grow too

quickly, and using herbicides helps reduce the frequency of weed removal.”

After weed removal, dried plant material such as grasses, leaves, and branches is either
collected with adding microbial additives to enhance soil organic matter or burned to maintain
orchard cleanliness. During the third annual cleanup (pre-harvest), most farmers prefer
burning. One farmer explained: “During the third cleanup, we prefer to burn weeds, leaves,
and branches instead of composting them. A clean orchard makes harvesting easier. Moreover,
these residues have limited nutritional value, while the ash produced after burning helps

fertilize the soil.”
Plant health management and pest control

Cashew trees are vulnerable to various pests and diseases, including mosquito bugs, thrips,
shoot borers, stem borers, branch borers, anthracnose, and leaf blight. Farmers frequently
inspect their orchards to detect and manage pest and disease outbreaks promptly. One farmer
explained: “Through training sessions on cashew care and years of farming experience, we 've

learned how to identify early disease symptoms and apply appropriate preventive measures.”

Most farmers apply pesticides in moderate quantities, prioritizing tree health while minimizing
resistance build-up. When encountering pest or disease problems, they commonly consult
neighboring farmers or local agricultural supply centers. One farmer remarked “We only use
pesticides when specific trees are infected. Applying too much can stress the tree and increase

’

resistance.’

The data indicated that a very small portion of farmers rely on biological pest control methods,
while the majority use chemical solutions. One farmer shared: “Biological treatments are either
ineffective or take too long to work, and their costs are too high.” One farmer added “We
initially tried biological methods after attending training sessions, but they were slow and had
low effectiveness. In the end, due to poor results and limited economic benefits, we stopped

using them.”
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Irrigation practices

Cashew trees are well-adapted to drought conditions and suit the two-season climate (rainy and
dry) typical of the region. During the rainy season, trees are naturally irrigated by rainfall.
However, in the dry season, water becomes scarce, and most cashew orchards do not receive
supplemental irrigation. As one farmer explained: “During years of severe drought, water

’

sources are limited, and my cashew orchard almost completely fails.’

Another farmer noted: “We don’t irrigate the cashew trees directly, but they benefit from the
water we provide to intercropped plants like coffee or fruit trees. That might be why our cashew

yield wasn’t affected by the drought last year.”

A third farmer added: “We follow a garden—pond-livestock model. Even in last year’s drought,
we had some water stored in the pond, which helped us irrigate the cashew trees and maintain

productivity.”

Based on interviews, more than one third of orchards receive some irrigation, primarily when
intercropping with water-demanding species. The scarcity of nearby water sources and long
distances from irrigation infrastructure explain why monoculture cashew cultivation remains

dominant in Binh Phuoc province.
5.1.3 Harvesting

Cashew harvest is characterized by a single annual season in the local dry season. Generally,
in Vietnam, the cashew season is from February to May. The nut, which is the true seed of the
cashew fruit, initially appears green and gradually turns gray as it matures. Meanwhile, the
cashew apple (pseudo fruit) develops after the nut appears, initially green and later turning
yellow, red, or orange when ripe. Once the nut is fully mature and the kernel has reached its
maximum development, at the same time, the cashew apple ripens, becomes soft and falls to
the ground. Farmers will collect the nuts by detaching them from the cashew apples. The
cashew apples are typically left in the orchard, where they decompose and return nutrients to
the soil, supporting the growth of the trees. After separation, cashew nuts are either sold
immediately as wet raw cashew nuts or sun-dried and sold later, depending on the farmer’s

strategy.
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5.1.4 Drying

To preserve kernel quality, freshly harvested cashew nuts must be dried on the same day or
following day. One trader explained: “We purchase the nuts on the day of harvest and arrange
for immediate drying because the juice from the cashew apple contains high levels of water
and sugar, which can affect kernel quality. If left too long, the nuts develop a sour odor and

begin to mold.”

Moreover, because cashew kernels have high fat content, prompt drying is essential to maintain
their quality. Cashew nuts are usually sun-dried for 3 to 5 days. A farmer shared: “After 3 to 5
sunny days of drying, we press a fingernail into the shell—if there’s no visible mark, the nut is
sufficiently dry. Proper drying allows us to store cashews for up to a year without

compromising quality.”

During the drying process, immature, shriveled, or poor-quality nuts are sorted out. This
practice is common both at the farm level and at traders and processors. At the traders and
processors, drying is also carried out under sunlight, using visual inspection similar to that of
farmers. Additionally, to ensure quality, moisture content is measured by special equipment
before storage (Figure 5.2). As one trader noted: “After drying, we test the moisture content of
the nuts. Once it drops below 10%, typically around 9%, the nuts are bagged and stored in

3

warehouses.’

Figure 5.2. Cashew moisture meter
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Processors also visually inspect the nuts during drying, removing defective ones. However,
immediate processing is not recommended. A processor explained: “Dried cashews are not
processed right away. They are stored for about 10 to 14 days before processing, allowing the
moisture within the nuts to redistribute evenly and stabilize the raw inputs for more consistent

processing.”

Furthermore, to standardize and improve cashew quality for domestic and export markets,
Vietnam introduced a national quality standard TCVN 12380:2018 in 2018, which is also
followed by traders and processors. This regulation clearly defines quality criteria for raw
cashew nuts, supporting food safety management and enhancing the commercial value of

Vietnamese cashews in international markets.

Figure 5.3. a) The ripe cashew nut in tree b) Raw wet cashew after harvesting ¢) Raw dried cashew
5.1.5 Processing

Once raw cashew nuts have been dried and stored for several days, they undergo processing to
produce various products. The two primary processed products are roasted cashew nuts, which
are ready for consumption, and raw cashew kernels, which are primarily designated for export.
However, in recent years, raw cashew kernels have increasingly been utilized as input materials
in food and beverage manufacturing processes. The sequence of processing stages is illustrated
in Figure 5.4, and the visual transformation of cashew nuts from raw dried cashew nut to final

products is presented in Figure 5.5.
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Figure 5.5. a) raw dried cashew nuts b) peeled cashew nuts ¢) raw cashew kernels
Sorting/Grading

First, the dried raw cashew nuts are sieved to remove impurities such as soil, twigs, leaves and
classified by size (as Figure 5.6). Due to the irregular shape of the cashew nut, this classification
step is crucial to optimize subsequent processing such as steaming and cutting, as steaming

parameters and cutting blade diameters are adjusted according to the nut size.
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Figure 5.6. Cashew nuts are classified into different sizes (Source: The interviewed company)
Steaming/ Roasting

Next, the nuts are steamed or roasted to soften the hard outer shells, facilitating the shelling
process. In recent years a steam-processing method utilizing saturated steam generated from
boilers have become widely adopted compared to the roasted method because they ensure

uniform heating, enhance efficiency, and minimize quality degradation. While industrial plants
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often employ specialized machinery to automate the process, the micro-scale businesses still
rely on manual techniques by using traditional or household steaming devices to treat the nuts.
Typically, raw cashew nuts are steamed for approximately 30 to 45 minutes in saturated steam.
Following steaming, the nuts undergo a natural cooling process over the course of about 12
hours to ensure optimal moisture content distribution and reduce the structural damage before

proceeding to the shelling phase.
Cutting and Separation

Following the steaming and cooling process, the cashew nuts are cut and separated to remove
the hard shell. This step requires precision to ensure the integrity of the kernels. Depending on
the equipment available and the scale of the processing facility, shelling can be performed
either mechanically or manually. For industrial-scale processing plants, modern machinery is
employed to automate the shelling process with the supporting of conveyors to ensure the nut
uniformity, reduce labor intensity and enhance efficiency. These machines are designed to
accommodate different nut sizes, with adjustable blades that precisely cut through the hard
outer shell without damaging the kernel inside. In contrast, micro-scale processing units often
rely on manual shelling techniques. Skilled workers use specialized hand tools to crack open
the shells, carefully adjusting the blade to match the size of each nut thereby requiring
significant expertise, as excessive force or improper handling can lead to kernel breakage,
reducing the overall quality of the final product. During the shelling process, workers wear
multiple layers of protective gloves to prevent direct contact with the CNSL, a naturally

occurring acidic substance that can cause skin irritation or burns.
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Figure 5.7. a) The cashew cutting and separation at micro-scale processing b) Cashew shell
separation manually in small-scale processing c) Peeled cashew nuts after cutting and

separating
Peeling

After the shelling process, peeled cashew nuts undergo two distinct production pathways to
become raw cashew kernels or roasted cashew nuts (Figure 5.8). Of which, approximately 90%
of the peeled cashew nuts proceed to the next stage, where their thin outer skin (testa/husk) is
peeled to become the raw cashew kernels. These kernels are primarily designated for export
while a small portion is served as a key ingredient in various food and beverage products such
as confectionery products, baked goods, and beverages, cashew butter. The remaining 10% of
the peeled cashews are roasted to create salt-roasted cashew nuts, a traditional specialty widely

consumed in Vietnam as the rich flavor and crunchy texture.

Figure 5.8. The raw cashew kernels and roasted cashew nuts (ready to eat)
Grading/Classifying

In the production of raw cashew kernels, the peeled cashew nuts are dried about 24 hours by
hot air to reduce moisture content until approximately 3—4% and facilitate the removal of the
testa/husk (the thin brown skin covering the kernel). Next, the nuts are peeled by specialized
equipment. During this process, various cashew products are produced, including 1) whole
kernels remain intact; 2) split kernels are naturally break during processing; 3) pieces with
different size and 4) by-products: the testa and in some cases encompasses the cashew germ

and cashew powder.
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Following peeling, the kernels are then graded based on several criteria, including size
(typically measured in kernels per pound, such as W180, W240, W320, W450), color of the
kernel (white, scorched or lightly blemished or scorched seconds or dessert), whole or broken

status (e.g., whole kernels, splits, pieces) are illustrated in figure 5.9, 5.10 and 5.11 below.
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Figure 5.9. Cashew classification by size

Figure 5.10. a) whole cashew, b) splits cashew c) cashew pieces

Then the defective kernels and low-quality kernels (speckle kernel, blemished kernels or
partially peeled kernels — small fragment of testa later become the superficial damage kernel
(scrapes)) are manually removed by trained workers to ensure high-quality standards (Figure).
The final steps include metal detection, sterilization, fumigation, and packaging, ensuring

compliance with food safety regulations.

Figure 5.11. a) defective kernels b) low quality kernels c) partially peeled kernels
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At this stage, over 90% of raw cashew kernels are exported to international markets, while the
remaining portion is retained for value-added processing. These products must adhere to
Vietnamese Standard TCVN 4850:2010, which establishes quality and food safety criteria,
serving as a legal framework for government inspection and export compliance. Additionally,
to meet the stringent requirements of high-demand markets, medium to large-scale processing
companies obtain internationally recognized certifications such as: ISO (International
Organization for Standardization), HACCP (Hazard Analysis and Critical Control Points),
HALAL (Certification for Muslim consumer markets), BRC (British Retail Consortium

certification for food safety).
Further processing (Flavoring, seasoning, food and beverage processing)

Beyond raw kernel exports, some cashew kernels are further additional processed to create
various ready-to-eat products, aiming to enhance product value and diversify the cashew-based
product portfolio. These encompass 1) flavored cashew nuts (enhanced with seasonings such
as honey, cheese, garlic, or chili), 2) bakery and confectionery products (used in cakes, cookies,
and chocolate-based products), cashew-based beverages (cashew milk or other plant-based
drinks). The product portfolio is illustrated in the figures 5.12 — 13 — 14 below, showcasing the

transformation of cashew kernels into various consumer-ready goods.
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Figure 5.12. Different flavored cashew nut products
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Figure 5.14. Different confectionary and bakery cashew-based products

Roasting to packaging

Regarding the roasted cashew nut processing, the peeled nuts are roasted mainly with cashew
wood as the fuel source because of the ability to distribute heat more evenly, ensure roasted
nut quality more consistently and enhance the nut’s flavor profile. Just small portions of
processors use gas as the fuel source. The roasting process occurs approximately 30 to 35

minutes depending on factors such as nut size, batch volume, and specific processing
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techniques employed by each facility. During this stage, shelled cashew kernels can be roasted
with or without salt, depending on the desired final product. Once roasted, cashew nuts may be
sold with the testa intact or removed, based on market preferences. Processors note that
cashews retaining their testa tend to have a longer shelf life, lasting up to 12 months, whereas
skinless cashews typically remain fresh for 6 to 9 months. The testa as a natural protective layer
preserves the nut’s texture and flavor over time. After roasting, the cashew nuts are cooled
down until ambient temperature before packaging. The packaging process is tailored to

customer specifications such as weight, and packaging types aligns with both consumer

demands and the strategic positioning of the business (Figure 5.15 - 16 — 17).

Figure 5.16. Roasted cashew nut without testa with different packaging types

67



Figure 5.17. Various cashew nut products are distributed in retail chains

Energy and resource consumption during processing

During cashew nut production, energy consumption is derived from multiple sources. Based
on field observations and interview data, electricity is supplied from the national grid to power
processing equipment and lighting systems while water is sourced from wells for cleaning and
steaming operations. Additionally, heat generation to produce hot air for steaming, roasting or
drying is generated by using wood-based mass, mainly the cashew wood. According to
interviews with cashew processors, cashew wood and other types of low-cost wood are
commonly used due to their affordability and availability. One processor explained: “We
mainly use cashew wood and other woods because it is the cheapest option. We don’t use
cashew shells because we can sell them at 4,000 VND per kilogram, while we can buy cashew

wood for just 300 VND per kilogram.”
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Figure 5.18. The heat generation uses cashew wood as the primary material
5.2.  Cashew nut value chain mapping

The cashew nut value chain in Vietnam involves the participation of various stakeholders, as
illustrated in Figure 5.19. Overall, the participants in the value chain include agricultural input
suppliers, farmers, intermediary traders, collectors, cashew processors. Notably, many
processors simultaneously play the roles of importers, processors, and exporters. The
downstream segment of the chain includes export brokers, wholesalers and retailers or retail

chains, all contribute to the function and value creation within the cashew sector.
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5.1.1 Agricultural input suppliers

The input suppliers are small-scale and serve as a crucial player in the cashew value chain.
They not only provide agricultural inputs such as plant varieties, fertilizers, pesticides, and
agricultural machinery but also offer technical advice on the use of agricultural inputs,

cultivation techniques and nursing techniques.

One supplier shared: “When farmers come to our shop to purchase agricultural materials, we
guide them on variety selection, cultivation techniques, and effective nursing methods.
Sometimes I even visit their farms to observe and offer advice tailored to their specific

conditions. This helps build our reputation and ensures they continue coming back.”

Furthermore, some suppliers allow farmers to purchase agricultural inputs on credit. For those
experiencing financial difficulties, suppliers may also offer cash advances or credit
arrangements. In return, the farmers agree either to repay the debt or to sell their harvested
cashew nuts to the supplying party. As one supplier explained: “These farmers are our loyal
customers. They’ve been buying from us for years and have become trusted partners. So, I'm
willing to provide them with cash in advance, and in return, when harvest season comes, they

either repay the amount or sell their cashews to me.”

According to the interviews, approximately 16% of raw cashew nuts are sold to agricultural

input suppliers.
5.2.2 Cashew Farmers

Cashew growers in Binh Phuoc are typically smallholder farmers engaged in extensive
cultivation. Their farm size varies from 0.5 to 20 ha, with most farms ranging between 3 and 7
ha. The result of this study indicated that most of interviewed farmers own medium size farms
(between 4 and 7 ha), only small number operated on very small (less than 1 hectare) or

relatively large (10 to 20 ha). All interviewed farmers operated their own land.

Binh Phuoc has unique geographical location characterized by the tropical monsoon climate,
combined with its topography and soil conditions, making it an ideal region for cultivating both
annual and perennial industrial crops such as cashew, coffee, pepper, rubber, and fruit trees.

Indeed, the findings indicate that more than half of the farmers cultivated cashew on nearly all
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of their farmland, while about one-third allocated most of their land to the crop. Only a few

farmers maintained a more diversified land use, combining cashew with other crops.

Due to the cashew wide-spreading canopies, it is commonly planted far apart. In the region,
most cashews are grown in monoculture systems, although a small proportion is intercropped
with shade-tolerant species. According to the interviews, almost all cashews are cultivated as
monoculture, with the remainder intercropped with coffee. Farmers shared: “Back in the 1990s,
when we first expanded our farmland and began cultivating cashew, before 2005, the newly
planted trees had not yet produced income. So, we grew food crops like rice, corn, legumes,
and pineapples, along with vegetables and herbs such as ginger and turmeric, to diversify our
income sources. These intercropping practices continued until the cashew trees matured and
provided a canopy cover, at which point we transitioned to intercropping with coffee—a high-

value, shade-loving crop.”

Figure 5.20. Typical cashew farming in Vietnam

Despite being a resilient and low-maintenance crop, cashew trees still require timely and
appropriate care to ensure optimal productivity and resilience to climatic stress. While a few
farmers admitted minimal engagement, only returning to their farms during harvest time, the

majority acknowledged that investing in orchard care helps cashew trees grow better and leads
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to higher productivity. Farmers explained that “After the harvest season, usually around May
to June, they begin pruning branches, fertilizing, cleaning the orchard, inspecting for pests and

diseases, and applying preventative or curative treatments when needed.”

In addition, following leaf shedding, many farmers apply supplementary fertilizers and
nutrients to stimulate new leaf growth, support flower and fruit development, and protect
blossoms and developing nuts. For small-scale orchards (less than 3 ha), once their own farm
tasks are completed, farmers often seek additional income by working as hired laborers for
neighboring farms. One farmer shared: “Because our orchard is small, after finishing all the
necessary work on my farm, I often take on part-time jobs or help neighbors with their orchards
to earn extra income.” In contrast, on larger farms, it is common practice to hire experienced
neighboring farmers or external laborers to support orchard management. As one farmer
explained: “Managing our orchard is a year-round responsibility until the next harvest. At
certain times, when my family and I cannot handle all the tasks ourselves, we must hire

neighbors or outside workers to assist with the workload.”

Investment in pest control, fertilizers, and nutrients varies based on each farmer’s perspective.
Some believe that since cashew trees are well-adaptable, they do not require intensive care,
especially given the low market price of cashew nuts, which discourages large investment.
Others recognize the importance of proper care and nutrition for improving yields, yet

economic constraints limit their ability to invest.

According to the findings of the study, on average, most farmers spend approximately 20-25
million VND (equivalent to USD 800—1000) per hectare annually on orchard care. Empirical
data from farmer interviews and field observations underscore a clear correlation between
investment in orchard care and productivity. As one farmer shared, “Every year I spend around
22 million per hectare for fertilizers, pruning, and labor. Without that, the trees wouldn’t give
much fruit.” Farmers who do not invest in care tend to have low yields, averaging around 1
ton/ha. A farmer explained, “I couldn’t afford fertilizer this year, and my yield dropped to just
over 900 kg per hectare.” In contrast, those who provide moderate care typically achieve 2
tons/ha, and well-managed orchards can reach 3 to 3.5 tons/ha. One experienced grower
commented, “With enough pruning, watering, and nutrients, I consistently get more than 3
tons per hectare.” Moreover, farms that receive proper care and fertilization tend to maintain

higher yields even under adverse weather conditions and climate change. As one interviewee
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explained, “The rain came late, but my trees still fruited well because I had taken care of the
soil and used both chemical fertilizers and organic compost timely.” On the other hand,
unmanaged orchards suffer significantly, with yields dropping to as low as 400—-600 kg/ha.
Another farmer noted, “We just left the trees on their own last season, and when the drought

’

hit, the fruits didn’t form properly, so we only got half a ton.’

During the cashew harvest season, farmers collect fallen nuts from the ground mainly or pick
them directly if needed. They shared that, "During the early and late stages of the season, when
yields and production are low, we manually pick or shake the branches to make the nuts fall.

However, during peak harvest, the volume of natural fallen nuts is substantial."

The harvesting process differs depending on the size of the orchard and the availability of labor.
In small-scale orchards, harvesting is typically carried out by family members. In contrast,
larger farms often hire seasonal laborers from nearby communities or from other provinces in
the southwest regions of Vietnam. During harvest, most farms focus on collecting the cashew
nuts, while the cashew apples are usually left on the ground to decompose and return nutrients

to the soil.

Figure 5.21. Cashew harvesting

After harvesting, cashew nuts are primarily sold fresh, while a smaller portion is sun-dried and
stored for sale at higher market prices. The study data reveals that about two-third of farmers
sell their entire wet cashew yield on the same day as harvest. Many farmers cite limited drying
spaces and labor as key reasons for this immediate sale. For financially constrained households,

selling wet cashew provides essential income to cover daily expenses and repay debts.
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The rest of farmers adopt a mixed strategy, selling wet cashews at the early and late stages of
the season, while retaining during peak season (when high volume, the nuts are denser and of
higher quality) for drying for later market opportunities. Households with sufficient facilities
such as drying yards and laborers, are more inclined to store cashews for later sales. However,
they may still sell wet nuts if market conditions are favorable or if they lack the necessary
resources. Consequently, the proportion of dried cashew stocks remains low. Through the
interviews, the price of raw wet cashews in 2024 fluctuated from about 29,000 VND - 18,000
VND/kg (USD 1.1 — 0.7), the price gradually decreased from the beginning of the season to
the end of the season, depending on the quality of the cashews and the region. Meanwhile,
farmers who stocked dry raw cashews shared that the price of raw dry cashews last year
increased significantly from 35,000 VND - 42,000 VND/kg (USD 1.3 — 1.6), especially in the
last months of 2024.

Wet cashew nuts are typically sold at midday or in the afternoon, depending on the quantity
harvested. A single sack of wet cashews weighs approximately 40 — 50 kg or up to 60 — 80 kg.
Farmers who accumulate a significant quantity in the morning prefer to transport their produce
immediately. A respondent noted, "We sell our cashews after harvesting because transporting
them on motorbikes is difficult if we wait until the afternoon when the load becomes too heavy.
Moreover, during peak summer temperature of 38—42°C, prolonged exposure the cashews to

sunlight might cause moisture loss, reduce in weight."

The transportation and sales patterns of cashew nuts in Vietnam are shaped by farm size, market
access, and logistical infrastructure. Farmers typically distribute their harvest through various
channels including intermediary traders, collectors, cashew processing companies and the

procurement teams of these companies, and agricultural input suppliers.

For small-scale farmers with limited cashew yields, self-transportation to nearby collection
points within a radius of about 5 km is a common practice. More than one third of farmers’
respondents sell exclusively to familiar buyers, such as agricultural input suppliers and
collectors (usually groceries shops owners), which also serve as their creditors. These farmers
prioritize long-term relationships over price competitiveness, as these buyers provide financial
flexibility, including short-term loans or the ability to purchase goods on credit until the next
harvest. One farmer explained, “While grocery stores and agricultural suppliers may offer

lower prices, we maintain these relationships because they provide financial support during
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difficult times.” Conversely, another two third of farmers facing no debt constraints, on the
other hand, have greater bargaining power and tend to select buyers (traders, processors,...)
based on the highest offered price. A respondent stated, “I compare offers from different buyers
and sell to the highest bidder.”

Cooperatives/ Farmer’ Groups

There are relatively few cooperatives and farmer groups operating in the region. Recently, as
part of efforts to promote the collective economy, the Vietnamese government has encouraged
the establishment of agricultural cooperatives to enhance farmers’ competitiveness and market
access. As a result, various cooperative models and informal farmer groups have been formed,
primarily aiming to strengthen collective bargaining power: both in procuring agricultural
inputs and selling outputs. These groups also facilitate knowledge sharing and resource pooling
among members. As one farmer group member explained: “We are individuals who share
common values and mutual interests, so we formed a group to exchange farming techniques,
jointly purchase inputs, share agricultural equipment, and coordinate better in price

’

negotiations when selling our products.’

For farmer groups, an arrangement involves a representative with cashew processors to
negotiate prices and determine the most favorable buyer. As one farmer shared: “The deals are
usually concluded via phone calls or text messages. At the end of each harvesting day, the fresh
cashew nuts are collected at a designated orchard and picked up by processors. Selling in bulk
with good quality directly to processors allows us to achieve a higher price (about 300-500
VND/kg more) and improve our profit margins.”

In the case of formal cooperatives, their operations tend to be more structured. A cooperative
director stated: “Before the harvest season, we make a preliminary forecast of the total output
and then contact several buyers and processing companies to negotiate prices, terms, and
requirements. For buyers with large volumes, we sign formal supply contracts. Depending on
the client’s demand, we supply either raw wet or dried cashew nuts according to their request.
In the past, our cooperative operated a value chain to supply organic raw cashew, which
commanded a higher of 1000 — 2000 VND/kg above market price. However, in recent years,
due to intense market competition, the price has only been equal to or 200-500 VND/kg higher

’

than the market rate.’
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5.2.3 Intermediary traders

Intermediary traders operate with a more structured and business-oriented approach. Typically
situated in or near major cashew-producing areas such as Bu Dang and Phuoc Long District,
these traders are capable of purchasing large quantities of raw cashew nuts directly from
farmers in both the local region and neighboring provinces. Many of them have familial roots
in cashew farming or began as small collectors before expanding into more established trading
operations. Over time, they have invested in essential infrastructure such as warehouses, drying
yards, labor forces, and require substantial capital to operate at scale. One trade explained
“Initially, we only purchased cashews within our own area. After investing in infrastructure
and expanding our business operations, we began sourcing from neighboring provinces to meet

the growing demand for raw materials from processors.”

These intermediary traders are active throughout the year, purchasing wet raw cashews during
the harvest season and dried cashews once the season ends. Prices are generally influenced by
signals from the processing companies, particularly based on the raw kernel price. However,
in today’s increasingly competitive market landscape, with multiple buyers and sellers, these
traders revealed that they sometimes offer higher of 500 to 1,000 VND per kilogram over
competitors to maintain loyalty among their farmer suppliers. One trade explained “With rising
processing capacity within the province and growing raw material scarcity, we sometimes have

)

to increase our purchase price to compete with other buyers and retain our farmer partners.’

During the cashew peak season, to collect the cashew nut, intermediary traders send trucks to
large farms for direct collection. For smaller volumes, farmers usually deliver the raw cashews
to the trader’s facility. Upon receipt, wet cashew nuts undergo a preliminary quality assessment
based on visual appearance, size, and nut count per kilogram. Given the high volume of raw
cashew and the time-sensitive nature of post-harvest handling, these traders often hire seasonal
laborers (either local workers or those from the Southwest region) to assist in drying and

warehousing.
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Figure 5.22. Farmers deliver the raw wet cashew to trader’s facility

The nuts are sun-dried for three to five days. During the drying process, defective or low-
quality nuts are removed. Once dried, the raw cashew nuts are subject to visual inspection and
moisture testing using specialized equipment. The acceptable moisture level is below 10%,
typically around 9%. The dried nuts are then packed into jute bags and stored in warehouses.
As one trader explained: “Even though we conduct a preliminary inspection when purchasing
fresh cashews, we still carry out additional quality checks during and after drying to ensure
consistent product standards. The nuts must be dried to a moisture content below 10%, in line
with the national standard for raw cashew nuts (TCVN 12380:2018), as well as in accordance

’

with contractual requirements from processors.’

Figure 5.23. Cashew drying and later stock in the warehouse
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5.2.4 Collectors

Insights from the study indicate that approximately 42% of raw cashew nuts are sold to raw

cashew collectors.

In key processing areas such as Phuoc Long and Bu Dang, cashew nuts are typically purchased
directly by traders and processors. In contrast, in more remote communes or districts, raw wet
cashews are often gathered by collectors. These collectors are usually small-scale actors,
including local grocery stores, agricultural input suppliers, or informal buying groups. During
peak harvest seasons, when supply volume surges, the collection network may operate in two
tiers. First-tier collectors procure directly from farmers, while second-tier collectors, usually

with more capital, aggregate cashews from the first-tier and supply them in bulk to processors.

These collectors do not conduct formal quality assessments but instead rely on their personal
experience to evaluate nut quality. Once collected, the cashews are transported to processing
facilities. According to interviewees: “The purchasing price is initially determined by
processing companies. We then adjust it based on estimated weight loss, nut quality, market
price fluctuations, logistics costs, and our profit margin. However, the price cannot be set too

low, or we risk losing our suppliers to competitors offering better rates.”

First-tier collectors typically travel to cashew farms with high yields to handle collection
themselves. In cases of lower yields, farmers often transport their own products to designated
buying points. Second-tier collectors may purchase a small volume directly from farmers, but
the majority is sourced from the first-tier. After aggregation, raw cashews are transported often
overnight to processors. These collectors perform rapid, experience-based assessments before
contacting processors for price negotiations. One second-tier collector explained: “We 've been
in this trade for over 20 years and have built strong networks on both the supply and demand
sides. When selling, we prioritize either securing a higher price or dealing with buyers who

’

are more flexible with quality standards.’
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Figure 5.24. a) Collecting cashew nut at farm b) Collector’s designated buying point
5.2.5 Processors

Based on the processing capacity, cashew nut processors in Vietnam are typically categorized
into four tiers based on their processing capacity: 1) large-scale processors handle
approximately 100 — 500 tons of raw cashew per day; 2) medium-scale processors handle
between 50—100 tons per day; 3) small-scale processors manage between 20—30 tons per day;
and 4) micro-scale processors with an annual processing volume of approximately 10—40 tons.
Many of these enterprises have evolved from traditional farming households or small-scale

traders, gradually transforming into formally registered businesses.

To meet the stringent quality and food safety standards of importing countries, medium- and
large-scale processing companies have obtained international certifications such as ISO,
HACCP, BRC, and Halal. These certifications enable them to access and compete in highly
demanding global markets. Currently, Vietnam exports raw cashew kernels to about 100
markets worldwide, including the United States, European Union, United Kingdom, China, the

Middle East, Australia, and New Zealand.

Regarding sourcing activities, due to the industry's considerable scale and Vietnam's domestic
supply of raw cashew nuts meets only about 10% of total processing demand. This significant
supply gap forces processors to rely heavily on imports, particularly from other Asian countries
(mainly Cambodia and Indonesia) and numerous African nations. Therefore, in addition to
acting as processors, many companies also play the role of importers of raw materials and re-

exporters of processed cashew kernels.
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Processors procure cashew nuts both domestically and internationally. Large-scale companies
often send procurement teams directly to exporting countries to purchase raw cashews. As one
processor explained: “Our production capacity can reach up to 100 tons per day, which
requires a large volume of raw materials. To be more proactive in securing inputs, we maintain
procurement teams responsible for sourcing cashews both within Vietnam and overseas,

’

especially in Africa.’

Other companies rely on intermediary brokers. The quality of raw cashew nuts is usually
assessed according to the Vietnamese National Standard (TCVN), along with additional criteria
depending on each processor's requirements. If the cashews meet these standards, the pre-
agreed purchase price applies. Otherwise, the price may be subject to renegotiation. One
processor noted: “We import dried raw cashew nuts through brokers based on predefined
standards. Upon arrival, the quality is inspected jointly by three parties: the seller, the broker,
and Vinacontrol (a third-party quality control agency). If the shipment fails to meet the agreed

’

standards, we renegotiate the price.’

Beyond producing the key cashew kernel products, recently, some cashew processors have
invested in machinery to produce value-added products themselves or outsource production
through OEM contracts. One processor shared: “Being born in a region rich in cashew
resources, we want to generate more value from this product. That’s why we’'ve been
researching and developing new offerings such as roasted flavored cashew nuts, cashew cakes,
cashew candies, and cashew milk. These products are still relatively new in Vietnam, and we
aim to create new consumer demands and capture new market segments. However, this

requires considerable time for brand building and customer awareness.”

Approximately 90% of the raw cashew kernels and small portion of flavored and roasted
cashew nut in Vietnam are exported. This is mainly due to limited understanding of
international marketing, lack of insight into consumer preferences, and high export taxes on
processed products. As one processor shared: “We are just a small player, lacking the
resources: whether human, technical, or financial, to develop high-value cashew products
tailored for export markets.” A larger processor added: “Demand for deeply processed cashew
products is still very limited, so we mainly focus on raw kernel processing.” Another processor
revealed: “When exporting raw cashew kernels, Vietnamese sellers and importers are exempt

from export/import taxes, so buyers are willing to pay a higher price for the raw product. In
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contrast, a tax is payable on processed products which means that importers try to reduce the

’

price at which they purchase imported processed cashew kernels.’

Furthermore, government is incentivizing the creation of national geographical indicator for

cashew nut products in this region under one commune one product (OCOP) scheme.
Micro-scale processors

Micro-scale processors are extremely small-scale cashew processors. They typically originate
from small farming households, collectors, or local grocery shops. The only product they
produce is salt-roasted cashew nuts, a local traditional snack. The entire processing operation

1s manual and conducted by family members using basic tools (Figure 5.25).

Figure 5.25. Cutting tool to remove the cashew hard shell

The raw cashew nuts used as input are usually sourced from their own farms or purchased from
relatives and acquaintances. As one micro-scale processor explained: “Because our entire
process is manual and our production scale is very limited, we only select raw cashews from

’

our own garden, or from relatives and close contacts.’

Once harvested or purchased, wet raw cashews are sun-dried and stored for processing
throughout the year. Typically, production is concentrated during key festive seasons or based
on specific customer orders. Their main customers are local residents, nearby grocery stores,
and traditional markets. As noted by one micro-scale processor: "Due to the high price of
cashews and the fact that consumption mainly peaks during holidays such as Tet, we intensify
our production during those periods. Outside of that, we only process upon receiving orders,

mostly from people in the local community, small shops, or markets."
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5.2.6 Export Brokers

Export brokers refer to individuals or groups who operate outside the processing areas.
However, most processors are reluctant to disclose detailed information about these brokers.
As a result, the understanding of brokers' roles is based primarily on the accounts provided by

Pprocessors.

Many cashew processing enterprises in Vietnam have grown from humble beginnings, founded
by former farmers or local traders who gradually transitioned into formal businesses. While
mastering the technical aspects of cashew processing is generally not a major challenge for
these enterprises, navigating the complexities of international trade remains a significant
challenge. As one processor explained: “Exporting cashew kernels to diverse global markets
requires in-depth knowledge of buyer preferences, quality standards, technical specifications,
and regulatory requirements—areas where we often lack expertise.” This is where kernel
brokers emerge as critical intermediaries within the value chain. These brokers may operate as
independent individuals or formal brokerage firms and serve as facilitators between
Vietnamese processors and international buyers. The processor further noted: “Our products
meet international quality standards such as ISO, HACCP, BRC, and Halal, as required by
importers or brokers. We supply products according to their specifications.” Brokers typically
offer a wide range of services, including identifying and connecting with potential markets,
understanding customer requirements, advising on product quality and technical specifications,
negotiating prices and contractual terms, and often assisting with logistics and export

compliance.

Beyond their commercial functions, kernel brokers also play a risk-mitigation role in cross-
border transactions. By ensuring that deals are carried out transparently and in accordance with
agreed-upon terms, they help foster trust and long-term business relationships between
Vietnamese processors and overseas buyers. As one processor emphasized: “Cashew nuts are
among the highest-value agricultural products we trade. Working with brokers who maintain
close relationships with international buyers gives us greater confidence in securing timely

and reliable payments.”
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5.2.7 Distribution

Processed cashew nuts (ready to eat products) from processors are then distributed to end
consumers through three main channels. With the exception of information shared directly by
local retailers, most insights regarding wholesalers and retail chains were obtained from

interviews with processors and field observations conducted at retail chain stores.

Traditional Channel (Processors — Wholesalers — Retailers — Consumers)

In the traditional retail channel, cashew products may be distributed either through wholesalers
or directly to retailers, depending on geographic proximity. Within the same province or nearby
provinces, products are typically distributed directly to retailers, including small local grocery
stores, open-air markets, street vendors, and individual resellers. In addition to marketing
strategies, processors often leverage personal relationships and local reputations to promote
and sell their products. For more distant provinces, distribution is commonly facilitated through

wholesalers who act as intermediaries between processors and retailers.

Modern Retail Channel (Processors — Retail chains — Consumers)

The modern retail channel encompasses supermarkets, convenience stores, and large retail
chains such as Co.opmart, Vinmart, Lotte Mart, Bach Hoa Xanh, and Big C. Cashew products
in these retail chain have greater product visibility, higher quality and packaging standards, and
access to a wider customer base, especially in urban centers. Medium- and large-scale
processors are the main suppliers for this channel, as they are able to meet stricter requirements
regarding food safety certifications (e.g., HACCP, ISO, BRC), packaging design, and stable
supply volume. Entry into this channel often requires formal contracts, product barcoding, and

participation in promotional activities organized by retailers.

E-commerce Channel

E-commerce has become an increasingly important distribution channel for processed cashew
nuts in Vietnam, particularly since the COVID-19 pandemic. Processors sell products through
various online platforms such as Shopee, Lazada, Tiki, Sendo, Facebook Marketplace, and their
own websites. This channel allows direct interaction with consumers, facilitating brand
building. Processors often manage the e-commerce channel themselves or collaborate with

digital marketing and fulfillment service providers.
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5.3. Material flow of cashew by products

In parallel with the transformation of the cashew nut into kernels, in addition to the primary
product: the raw cashew nut and cashew kernel, a wide range of by-products is also generated
throughout the cashew cultivation and processing. Findings from this research reveal that by-
products from cultivation include cashew leaves, branches, trunks, and apples, while those

from processing consist of cashew testa (the thin brown skin) and cashew nutshell.
5.3.1 Cashew leaves and weed in the orchard

After the rainy season and fertilization, weeds tend to grow significantly and necessitate to be
removed. The weeds along with cashew leaves are collected and burnt to clean the orchard,
prevent pests and diseases, and reduce fire risk, especially during the dry season. Apart from
this, cashew leaves are also gathered and placed under the tree trunks to conserve moisture,
particularly in areas where water is scarce. Additionally, cashew leaves are mixed with

microbiome additives to create compost, providing natural nutrients back to the soil.

=

Figure 5.26. The cashew leaves are collected to create compost and prevent water loss
5.3.2 Cashew branches, trunks

To ensure tree health, maintain productivity, and prevent disease, cashew trees are typically
pruned on an annual basis. According to farmers, pruning enables cashew tree to receive

adequate sunlight, support overall growth, and strengthen trees’ structure, prevent pest
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infestations and diseases. The pruned stems and branches are collected and either left to

decompose as organic mulch or burned for cooking fuel.

Figure 5.27. Cashew branches and cashew wood are collected to decompose naturally or further

usage

Beyond routine pruning, cashew trees are also cut down annually for many reasons such as
aging trees with declining yields, crop replacement or conversion, and damage from pests or
disease. Once cut, the wood is sorted based on size and quality. Smaller branches and stems,
especially those damaged by borers or trunk pests, are typically sold to cashew nut processors
or CNSL processors at VND 200-300 per kilogram or per cubic meter. In contrast, larger, well-
formed logs with minimal pest damage are valued for their dense grain and attractive color,
making them suitable for furniture production. These higher-quality timber pieces are sold to
furniture manufacturers or wood artisans at a premium rate VND 300400 per kilogram or

more, depending on the dimensions, uniformity, and finish potential of the wood.
5.3.3 Cashew apple

Cashew apple is one of the most underutilized, yet highly promising by-products generated
during cashew harvesting, contributing significantly to the total biomass produced. According
to data of this research, the production of 1 kg of dried cashew kernels requires approximately
45 kg of fresh cashew fruit, of which the cashew apple accounts for nearly 40 kg. The majority
of cashew apples are discarded in the fields, despite their high nutritional value, rich in vitamin
C, vitamin A, and B-complex vitamins, as well as essential minerals such as calcium,
potassium, and magnesium, and natural sugars. These discarded apples naturally decompose

into compost, enriching the soil and supporting the cashew trees’ growth.
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Cashew farmers consume only a small portion of the apples as fresh fruit or use them to make
dishes or ferment them into cashew wine. In the last one to two years, however, there has been
a modest increase in commercial utilization, with about 1% of cashew apples being sold in
whole-fruit form, still attached to the nut. Nonetheless, several challenges hinder the broader
commercialization of cashew apples. Due to their high moisture content and the firm
attachment of the nut to the apple, detaching the two often causes the apple to leak juice and
spoil rapidly. Furthermore, only cashew apples from grafted trees, which are shorter in height
and produce larger, juicier, and sweeter fruit, are suitable for market sale. Traditional local
varieties typically yield smaller, more astringent apples and are harder to harvest because the

trees are tall, and the fruit is difficult to reach.

A farmer explained: "Because cashew apples spoil very easily, they must be handled with great
care, packaged like delicate fruits, wrapped individually, packed in foam boxes, kept
refrigerated (cool preservation), and then transported to traditional markets in the

southeastern and Mekong Delta provinces."

Figure 5.28. Cashew apples are packed and marketed in the marketplaces
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5.3.4 Cashew nutshell

During cashew nut processing, beyond the cashew testa, the cashew nutshell is notable not only
for its volume but also for its high economic value through the extraction of cashew nutshell

liquid (CNSL). This section will discuss the specific material flow and value chain of CNSL.
5.3.4.1. Material flow of cashew nutshell

The study revealed that despite variations in cashew sources among different countries (with
90% of cashew nuts processed in Vietnam being imported), cashew nutshells are generally 1
to 2 mm thick and account for around 65—72% of the total weight of the cashew nut. Previously,
these shells were often discarded or sold at low prices as fuel for furnaces due to their high oil
content. However, they are not suitable for use in heat and steam during kernel processing, as
direct combustion produce black smoke and, without properly treatment could lead to
environmental pollution. More recently, cashew nut shells have been utilized for extracting
CNSL, a high-value product with widespread applications across various industries. The

process of cashew nutshell oil extraction in Vietnam is illustrated in the Figure 5.29.
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Figure 5.29. The cashew shell oil processing in Vietnam

First, cashew shells are collected from cashew processing facilities. Before being crushed, they
are gathered and undergone preliminary quality inspection to check for moisture content and

impurities. Crushing enhances oil extraction efficiency for later crude oil pressing.

The oil extraction process can be carried out using two main methods: thermal roasting at
temperature of 180-200°C, or steam distillation, in which the shells are heated using steam to
separate the oil. The latter method yields oil of higher quality but is typically implemented by
large processors equipped with advanced technology. At this stage, two crude products are
obtained: crushed cashew shell and crude cashew nutshell oil, which still contains significant

impurities.

While the crushed cashew shell is either sold directly to domestic manufacturers or traders.
Large processors compress the shell into cashew shell cakes to facilitate packaging and export

logistics. One processor explained, “The oil content in cashew shells can reach 28-30%,
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depending on the shell type. Through crushing and crude extraction, only about 18—25% of the

shell oil is extracted; the remaining oil remains within the shells.”

Cashew residue contains a lot of natural fats and oils, is very flammable. This is usually mixed
with other fuels such as wood chips, rice husks to maintain a stable combustion process and
release a large amount of heat as well. This makes the use of cashew nutshell residue as fuel
more convenient and easier, becoming a very efficient fuel source to provide energy for
production activities. Therefore, it is often used to replace traditional fuels such as coal and
firewood, helping users save costs and reduce pressure on natural resources. One disadvantage
of using cashew residue is that the steam and boiler will be damaged faster because cashew
resin is very toxic, over time it sticks to the furnace grate, furnace bars, and iron pipes, reducing
the heat in the boiler. Therefore, people only use it sparingly for the purpose of mixing to
increase heat quickly. Moreover, transporting cashew residue makes the vehicle dirty, and can

pollute the environment.

Figure 5.30. a) cashew nut shell (left) b) crushed cashew nut shell (right)

Meanwhile, the crude CNSL undergoes further settling and filtration to remove residual shell
debris. It is then dehydrated, fractionated based on chemical compounds such as anacardic acid,
cardanol and cardol, and refined to produce various final products. In Vietnam, depending on
each factory’s capacity, scale, and technology, different products can be produced. The key
products include cashew nutshell liquid (CNSL) with varying levels of purity, cardanol, and
cashew shell extract oil (referring specifically to solvent-extracted CNSL, which retains more
intact anacardic acid). These diverse finished products are primarily exported to South Korea,

China, Japan, and the EU.
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Figure 5.31. Cardanol (Light yellow to pale brown oil) and CNSL (Dark brown liquid)

Figure 5.32. A medium-scale CNSL processor in (Binh Phuoc), Vietnam
5.3.4.2. Mapping the value chain of cashew shell

Thanks to technological advancements in Vietnam, cashew shells, once considered waste in
the cashew nut processing industry, have become a valuable raw material, forming a cashew
shell value chain involving multiple stakeholders, as depicted in Figure 5.33. From cashew
shells as the input material, two main products are derived: cashew nutshell liquid (CNSL) and

cashew shell cake. Due to similarities in processing and involved participants, these two
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branches are integrated into a single value chain. Overall, the participants include cashew nut

processors as input suppliers, shell collectors, processors, small-scale processors, and traders.

— Processors
Cashew nut R Shell (Crude extracting to | Export
Processors Collectors Refining markets

or Compressing)

Domestic
manufacturers

Traders

Crude extracting
Processors
(Small-cale)

Figure 5.33. Cashew nutshell value chain in Vietnam
Cashew nut processors

Cashew nut processors act as buyers within the cashew nut value chain, yet simultaneously
serve as suppliers of raw materials for the cashew nutshell liquid (CNSL) value chain. Although
their primary focus is on kernel processing, with processing capacities ranging from 20 to 500
tons per day, cashew shells account for approximately 70% of the raw nut weight translating
to 14 — 350 tons of shell waste daily. Previously, this massive quantity of shell was regarded

as waste, which processors had to dispose of or sell cheaply to combustion kilns.

In recent years, however, technological advancements have transformed cashew shells into a
valuable input for CNSL production. Nevertheless, cashew processors themselves do not
engage in CNSL extraction, as their focus remains on producing high-quality white cashew
kernels for export. As one processor explained: “We have invested heavily in equipment and
factory infrastructure for kernel processing. If we plan to expand further, we will continue
improving the quality of our kernel products to ensure better export performance. Selling

cashew shells now helps offset production costs, whereas before, we had to dispose of them.
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Moreover, CNSL production requires specific technical expertise, technology, and

infrastructure”.

Thus, technical barriers, technological requirements, and capital limitations constrain cashew

processors from investing in CNSL processing.

Given the large volume of shells generated, they are typically collected and stored in dedicated
warehouses during production. CNSL companies or cashew shell collectors then come to
collect them. The frequency of collection either daily or every 2—3 days depends on the amount
generated. Based on their production plans, cashew processors can estimate the amount of shell
waste produced and proactively contact CNSL processors or shell collectors to negotiate prices.
For smaller quantities, negotiations are usually conducted via phone calls or text messages,

whereas for large volumes, formal contracts may be signed in advance.

Figure 5.34. A pile of cashew nutshell in a processor’s warehouse

As explained by another cashew nut processor: “During production, the shells are transported
through suction pipes into the warehouse and then picked up on the same day. Collectors or
CNSL companies transport the shells, and pricing is typically negotiated in advance or by

phone based on our production batch schedule.”
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Shell Collectors

Shell collectors are small-scale buyers of raw cashew shells. They are typically commodity
traders who also supply fresh cashew nuts to cashew nut processors and trade other agricultural
products within the local area. These collectors leverage their existing logistics systems,
including trucks and transportation networks, to collect and deliver raw cashew shells to CNSL

Pprocessors.

The purchase price of raw shells is usually determined based on the buying price offered by
CNSL processors, transportation costs, and the collector's profit margin. Although the total
volume of cashew shells traded is significant, the economic value per unit is relatively low, so
most transactions are arranged informally via text messages or phone calls. After being

purchased, the shells are transported directly to CNSL processing facilities.

As explained by one shell collector: “We collect a large volume of shells, but we do not have
storage facilities. In addition, cashew shells contain acidic substances that can stain
warehouse floors black, so we typically deliver the shells to CNSL processors on the same day.

’

The price is usually negotiated in advance through phone calls or text messages.’
Processors

CNSL processors in Vietnam vary in size, ranging from small-scale to medium and large
enterprises. Their capacity depends on processing volume, but more importantly, on the level

of technological investment in refining crude CNSL into higher-value purified derivatives.

Small-scale processors primarily engage in the crushing and extracting crude CNSL, which is
then sold to medium and large - scale CNSL companies for further refinement or domestic
manufacturers. In contrast, medium and large processors invest significantly in refining
technologies and equipment, enabling them to produce higher-purity CNSL products that

command better prices on both domestic and international markets.

These processors source raw cashew shells from cashew nut processing companies or
independent collectors. CNSL companies often prioritize direct negotiations with major
cashew nut processors to secure better prices and ensure a stable input supply, frequently
formalized through contracts. However, due to lack sufficient logistical capacity to handle daily

deliveries, CNSL processors also rely on shell collectors to fill the gap. One CNSL processor
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explained: “To ensure continuous operation of our plant, we sign contracts with cashew nut

processors in the region. At the same time, we still procure from collectors to supplement our

supply.”

The purchase price of raw cashew shells is influenced by multiple factors, including the market
price of raw cashew nut, raw cashew kernels, and the price of crude CNSL as determined by

downstream refiners.

Once crude CNSL is extracted and partially filtered or settled, it is often sold to CNSL
companies specializing in deep processing, traders or exported to international markets such as
China and South Korea, where it undergoes further refinement. Meanwhile, medium and large
processors are capable of producing a range of CNSL products with varying levels of purity

and export these to Japan, South Korea, and European countries.

According to processors, Japanese manufacturers use high-purity CNSL-derived coatings for
marine paints, which protect metal surfaces of ships from saltwater corrosion. In South Korea,
CNSL is used as a raw material in generator components, while in Europe, it serves as a

renewable source for biofuel and heating oil, contributing to sustainable energy solutions.
5.3.5 Cashew testa

During cashew nut processing, one of the notable by-products generated is the cashew nut testa.
This is the thin, brown, papery skin that surrounds the kernel and accounts for approximately
6% of the kernel’s total weight. While it remains intact in salted roasted cashew products where
it acts as natural preservatives and helps extend product’s shelf life, the testa is typically
removed during the production of raw cashew kernels or peeled salted roasted cashews,

becoming a by-product of the peeling process.

Despite high polyphenol content with antioxidant properties, cashew testa can cause a bitter
taste therefore is often discarded during consumption. However, it has a certain nutritional
value, including approximately 8% fat and 11% protein, and so has gained attention for

potential use in animal feed formulations and in fertilizer production.

During the peeling stage of cashew kernel processing, several by-products are simultaneously
detached and mixed with the cashew testa such as cashew nut germs (the sprout tips), broken

kernel fragments, and cashew powder. As processors explain, when the testa is peeled off, it
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often comes away with small kernel pieces and powder adhering to it. These mixed materials
are then separated, sorted, and classified based on the size of cashew kernel pieces, and then
are sold at different prices. The kernel fragments are sold to confectionery and baking
manufacturers. Testa mixed with more cashew powder is generally repurposed as a feed
ingredient for livestock. Meanwhile, the cashew testa itself is used in organic fertilizer
production or incorporated into animal feed formulations. Some processing companies
compress the collected testa into cashew pellets, which are primarily exported to European

markets as biomass fuel or fire-starting material.

Figure 5.35. a) Cashew husk with cashew nut pieces b) cashew husk and cashew nut powder

Figure 5.36. Cashew testa (cashew husk) and Cashew pellet

5.4. The transformation of material flows and economic value in the cashew industry

The material flow of cashew nuts and their associated by-products have been discussed in
previous sections. This section provides a comprehensive analysis of how raw cashew fruits
are transformed into finished products and by-products within the cashew processing industry
in Binh Phuoc region. First, Table 5.1 outlines the physical conversion from raw cashew fruit

biomass to obtain 1 kg of cashew kernels, highlighting the low yield ratio and the large volume
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of biomass involved. Next, Table 5.2 presents the economic value of both primary and
secondary products, emphasizing the additional revenue that can be generated if by-products
are utilized. Following this, Figure 5.37 offers a visual representation of the flow of products
and by-products throughout the cashew industry. Finally, Table 5.3 summarizes the main
output from each stage, their origin, primary uses or markets, and their estimated contribution
to the overall economic value of the sector. Together, these components provide an integrated

overview of material utilization and value creation in the Vietnamese cashew industry.

Firstly, Table 5.1 presents the standardized mass balance, showing the quantity of each
component required to produce 1 kg of shelled cashew kernel. The results indicate that
approximately 45 kilograms of fresh cashew fruits are required, resulting in an overall kernel
yield of only 2.22% of the initial fresh fruit biomass. This extremely low extraction rate
underscores the substantial amount of biomass (over 97%) that becomes by-products or
residues throughout the production chain. These by-products include cashew apples, which
constitute the bulk of the fruit mass and are often underutilized, as well as cashew shells
generated during nut processing and testa removed during kernel peeling. Additional losses
occur due to moisture evaporation, impurities, and processing inefficiencies. The findings
reveal the profound structural inefficiency of kernel-centric cashew value chain, therefore,
highlight the importance of improving by-product utilization strategies in the cashew value

chain to enhance resource efficiency, reduce waste, and create additional revenue streams.
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Table 5.1. Mass of different components in cashew value chain relative to 1kg cashew

kernel, and yield relative to fresh cashew fruit (100%)

Quantity (g) per one Standardize into

CASHEW MATERIAL FLOW average shelled 1000¢g shelled R
cashew kernel cashew kernel e
Fresh whole cashew (apple + nut) 74700 4513595 100.00%
Cashew apple 65.900 39.818.73 88.22%
Wet raw cashew nut 8800 531722 11.78%
Dried raw cashew nut 5 882 3.3534.29 7.87%
Water loss and impurities 2918 1.762.93 3.91%
Cashew nutshell 4118 248822 3.51%
Cashew nutshell cake 3212 1.940.79 4.30%
Crude cashew nutshell ligunid (CNSL) 0.906 547 43 121%
Refined CNSL 0.688 41571 0.92%
Loss and impurities 0218 131.72 0.29%
Cashew Testa 0.109 65.86 0.15%
Shelled cashew kernel 1.655 1.000.00 2.22%

Meanwhile, Table 5.2 illustrates the economic valuation of main product and key byproducts,
using the value of 1 kg of shelled cashew kernel as the baseline (100%). It presents both the
current primary value chain pathway and potential alternative revenue streams from full
biomass utilization. The table illustrates the progression of value addition from farm to

processor:

e Current farmgate sales: Farmers currently sell wet cashew nuts, capturing
approximately 73% of the final kernel value. If they dry the nuts, this increases to about
80%.

e Processor value addition: Processors then convert dried nuts into shelled kernels,
realizing the full 100% baseline value. This stage involves significant investment in

operation and infrastructure.
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The analysis also highlights substantial untapped value:

e Unrealized farm-level revenue: The value for fresh whole cashew fruit (174%)
represents the total potential revenue if 100% of the harvested biomass (apple + nut)
were sold at farm-gate prices. This highlights a significant unrealized economic
opportunity, as farmers currently sell only the nut portion, leaving the cashew apple
largely uncommercialized. This value is not a direct market alternative to kernels but
indicates the scale of value loss at the harvesting stage.

e Additional CNS valorization: The values for cashew shells represent additional revenue
streams for processors either selling raw shells adds 5.5% or alternatively investing in
further processing to produce shell cake (1.3%) and refined CNSL (35.6%). The latter
offers substantially higher returns but requires capital investment. These are mutually

exclusive alternatives to selling raw shells.
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Table 5.2. Economic valuation and potential by-product revenue (per 1 kg of shelled cashew kernel)

Weight Price Revenue Economic
Product Stage of origin (kg) (VND/kg) (VND) cont;‘cl'z;ltlon Note
A. Current primary value chain pathway
Fresh whole cashew fruit Represents the potential gross revenue if whole fruits
arm . \ , .6% were sold, highlighting the unrealized value of cashew
(apple + mut) F 45.14 7,000 315,952 173.6% 1d, highlighting th lized value of cash
pp apple.
\?f(::;ézl:?:a[ll;)t Farm 5.32 25,000 132,931 73.0% Current main farmer income; first marketable product.
Dried cashew nut In terlfﬁgr(liliaries 3.55 41,000 145,726 80.1% Value-added step before processing.
Shelled cashew kernel ) . o Final product; value includes processor's operational
aseline costs & margin.
i Processing 1.00 182,000 182,000 100.0% & o
B. Additive by-product revenue (Processor Options)
Cashew nutshell (raw) Processing 2.49 4,000 9,953 5.5% Additi\’g revenue for Processors from selling raw
) ’ i ) shells without further processing investment
Alternative deep-processing patihvay for shells:
Cashew Nut Shell Cake Further 1.94 1,200 2379 1.3% Mutually exclusive alternative to selling raw shells.
processing ) - ’ o Represents potential gross revenue from high-
Furth investment deep processing. Does not account for the
Refined CNSL pro?:fass?flg 0.42 156,000 64,851 35.6% additional operational, capital, and processing costs

required to achieve this revenue.
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Figure 5.37. Material transformations along the Vietnamese cashew value chain
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Following, Figure 5.37 synthesizes and provides the visualization of material transformations
along the Vietnamese cashew value chain. It maps the transformation of fresh fruits into 1 kg
of kernels, explicitly contrasting the narrow, high-value kernel pathway with the divergent fates
of by-product streams. This shows the kernel-centric configuration of the chain despite the

dominance of secondary material flows in terms of biomass volume.

In summary, Table 5.3 outlines the main outputs from each stage of the value chain. For each
product and by-product, it details the stage of origin, primary use or market, and its estimated
economic contribution under current and potential scenarios. This includes the potential value
of by-products like testa, shell cake, and CNSL if further processing investments were made,

contrasting with their current low-value or waste status.

Table 5.3. Cashew products and by-products: origin, use, and economic contribution

Estimated Economic

Product / By-product

Stage of Origin

Main Use / Market

Contribution (%0)

Cashew leaves Cultivation Compost/Orchard mulch Negligible
Cashew Cultivation Compost, heat generation,
trunks/branches (pruning & furnipture‘ (if hi gh walit }’ Negligible
(if harvested) replacement) g q y
o Mostly unutilized; potential ~ Current: ~1%. Potential:
Fresh cashew apple Cultivation L% . .. .
. for juice, alcohol, vinegar, Significant if markets
(if harvested) (harvest) .
dishes develop.
e . . . L ~73—-80% (Farmgate
Wet/Dried Cashew Farm/Tntermediaries Raw material for kernel value as % of final
Nut processors .
kernel price)
Processing Food (domestic use or export o .
Cashew kernels (Finished product) (USA. EU...)) 100% (Baseline)

Processing (After

Compost, animal feed, export

Current: —1%. Potential:

Cashew Testa peeling qnd fo EU. India Higher if exltracted for
compressing) tannins.
Cashew nutshell Processin Low value bulk sale as raw Current/Additive:
(Raw) g material for CNSL processors ~5.5%
Domestic use and Export for Potential/Additive:
Cashew nutshell cake  Further processing . <P ~1.3% (if shells
heat generation (mainly EU) )
processed)
Export for further processing Potential/Additive:
Refined CNSL Further processing (EU, South Korea, China, ~35.6% (requires high
Japan...) investment)
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Chapter 6. Discussion

This chapter is divided into three sections: the cashew nut value chain analysis (Section 6.1),
material flow analysis (Section 6.2) and circularity analysis of the cashew sector in Binh Phuoc

Province (Section 6.3).
6.1. Cashew nut value chain analysis in Binh Phuoc

This section discusses the structure of the value chain, the key players, how these players
collaborate through horizontal and vertical coordination, and how information flows among

the key players in Binh Phuoc Province, Vietnam.
The processed cashew value chain in Binh Phuoc

This study found that in Binh Phuoc Province, there is only one processed cashew value chain,
with different processing levels resulting in two types of products: (1) white cashew kernels,
commonly referred to as raw or peeled cashew kernels, and (2) high value-added processed
products. This situation reflects a shift in the value chain’s focus from producing basic raw
materials to upgrading into higher-value products within the global cashew value chain.
However, it is also noted that white kernels remain the main product, accounting for 90% of
production, primarily for export to buyers in the US, EU, and China, who further process and
label the products under their own brands in their respective countries. It is challenging for
processors in Vietnam to shift from exporting raw kernels toward higher value-added products,
such as roasted or flavored cashews, because they face stiff competition from international

buyers, lack of capital and marketing capacity.

Regarding the cashew nut value chain, only three countries (India, Brazil, and Vietnam) are
able to process all their own cashews and thus have a processed value chain (Costa & Delgado,

2019).

In contrast, two co-existing value chains, unprocessed and processed, are identified in other
cashew-producing countries such as Tanzania (Krepl et al., 2016), Cote d’Ivoire (Costa &
Delgado, 2019), Indonesia (Hidayati et al., 2021), Kenya (Omolola, 2024), and Gambia
(Bojang & Emang, 2024). This is primarily because processing capacity in these countries
remains underdeveloped. Many of these processors still rely on manual shelling methods,

which are less efficient, labor-intensive and hazardous due to exposure to caustic CNSL.
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Hence, a large proportion of raw cashew nuts is exported to Vietnam or India for conversion

to processed cashew nuts.

The transformation of the cashew nut value chain into a processed cashew value chain in
Vietnam has been driven by domestic machinery innovations since 2010, which have made
machines more affordable and automated, improved processing yields, and reduced labor
dependency, leading to an increased demand for raw materials. As a result, all domestically
produced cashews are processed locally; however, this accounts for only about 10% of total
processing capacity. The remaining 90% of raw cashews are imported from Africa and Asia to
meet processing capacity and enable year-round operations. Pattanayak (2020) and Yomichan
(2020) reported a similar situation in India, which faces insufficient raw cashew nut domestic
production and is importing large volumes from West African countries to utilize processing
capacity. They also highlighted that those cashew producing countries are restricting the export
of raw material in favor of local processing. This is leading the two largest global cashew
processing countries, Vietnam and India to have concerns about long-term supply security, and

increasing vulnerability to price volatility, trade disruptions, and international competition.
Key players in the value chain

The cashew nut value chain in the region is characterized by a multi-layered structure with
variety of VC players, including agricultural input suppliers, smallholder farmers, traders,
collectors, processors, and export brokers. For the domestic market, distribution is channeled
through three primary pathways: general trade (GT), modern trade (MT), e-commerce. This
fragmented and multi-layered structure with various traders and collectors (intermediaries) is
similar to many cashew nut and agricultural value chains in other developing countries, as
outlined in research on India (Pattanayak, 2020), Tanzania (Krepl et al., 2016), Cote d’Ivoire
(Costa & Delgado, 2019), Indonesia (Hidayati et al., 2021), Kenya (Omolola, 2024), and
Gambia (Bojang & Emang, 2024). According to Trienekens (2009), such structures often face

inherent challenges in coordination, information asymmetry, and quality control.

However, the Vietnamese value chain appears to be somehow different compared to those of
many other developing countries. While similarly multi-layered, it is comparatively shorter and
has undergone a significant upgrade in its domestic distribution, integrating modern retail and

e-commerce channels—a contrast to the more traditional systems in countries like Tanzania
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(Krepl et al., 2016), Cote d’Ivoire (Costa & Delgado, 2019), Indonesia (Hidayati et al., 2021),
Kenya (Omolola, 2024), and Gambia (Bojang & Emang, 2024).

By contrast, agri-food chains in developed countries such as the US, UK, and Canada are more
vertically integrated and consolidated (Sule et al., 2024). Sule et al. (2024) identified that these
chains are mainly dominated by large agribusiness firms which exert strong influence over
upstream suppliers by setting standards for traceability, food safety and ESG (environmental,
social, governance) compliance. They suggest that developing countries can improve their
agribusiness value chains through the adoption of sustainable practices, technological
innovation, and policy support, thereby increasing productivity and efficiency, and market

access.
Horizontal coordination

In terms of horizontal coordination, there is very weak coordination between players at the
same level in the region. Regarding the producer groups, it is noted that there are only a few
active cooperatives or farmer groups. A similar situation has been identified in many
agricultural value chains in developing countries (de Janvry et al., 2019), the rice value chain
specifically in Vietnam (Khong, 2022) and the cashew nut value chains in Indonesia (Hidayati,
2021), Gambia (Bojang & Emang, 2024), and Mozambique (Costa & Delgado, 2019). These
studies highlight that, despite the existence of farmer organizations or cooperatives, their reach
and capacity to enhance access to inputs, adoption of technology, or collective bargaining are
restricted. Many smallholders still continue to operate independently, outside of these
associations. This contributes to several challenges: reduced bargaining power with
intermediaries and downstream actors, limited access to inputs and services, exclusion from
value chain upgrading, increased transaction costs, poor quality control, and restricted access
to branding and certifications. While the agri-food value chains in many developing countries
have a lack of horizontal coordination, studies have shown that those of some developed
countries are more collaborative, with cooperatives holding more than 50% market share. For
instance, cooperatives account for 57% of the dairy sector and 42% of the fruit and vegetable
sector in the EU, 75% of milk production in the US, and 94% of pig meat production in France,
and 90% of dairy products in NZ (Candemir et al., 2021; Bijman et al., 2012; Wadsworth,
2019, Garnevska et al., 2017). These studies underscore that cooperatives facilitate collective

bargaining power, access to shared processing facilities, marketing channels, quality control
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systems, and advanced inputs, thereby enabling farmers to capture more value and exert greater

influence within the value chain.
Vertical coordination

In terms of vertical coordination, the findings of this research indicate that the region exhibits
a buyer-driven chain with a dual governance structure: informal market-based governance in
upstream segments and increasing modular or relational governance in the midstream and
downstream segments. This coexistence of informal upstream and formal downstream
governance modes is identified by Barrett et al., (2022) as a common pattern in middle-income
or transitional agri-food economies, where modernization is partial and uneven. With regard to
the buyer-driven chain, the processors act as the lead players, dictating prices which are
calculated based on rates set by the international buyers where large retailers, branded
manufacturers, or trading companies act as “lead firms” in the global cashew nut value chain.
These buyer-driven chains are common in many commodity value chains due to their proximity
to the consumer and evolution of modern retail systems (Gereffi et al., 1999, 2005; Reardon et

al., 2009).

In the upstream segment, transactions between farmers with collectors, traders or processors
are informal and based on trust with little to no formal contractual arrangement. This similar
situation is usually identified in studies on agri-food value chains in developing countries
(Barrett et al., 2022), low-income countries (Bernard & Giraud Héraud, 2024), the Vietnamese
rice value chain (Khong, 2022) and cashew nut value chains in Indonesia (Hidayati et al.,
2021), Mozambique (Ebong, 2019), Gambia (2022), Cote d’Ivoire (Tessmann, 2018). They
suggest that these informal, ad hoc transactions will continue to dominate the farmer-trader
interaction; farmers still remain as the price takers, unable to negotiate effectively or upgrade

within the value chain.

In the midstream and downstream segments, transactions between traders with processors,
processors with foreign importers, or processors with wholesalers/retailers are coordinated
through formal contractual relationships. This structure is usually observed in agri-food value
chains in developed countries, yet these are more integrated and highly coordinated than that
of Vietnam (Deconinck, 2021; Bonanno & Cakir, 2022, Sule at el., 2024). According to
Deconinck (2021), value chain concentration tends to be stronger in downstream segments than

at the farm level, which leads to widespread concerns over the perceived weak position of
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farmers. This highlights the need to reduce intermediaries and promote greater vertical

coordination across all chain segments to ensure competitiveness and inclusive upgrading.
Information flow

In terms of information flow, thanks to the adoption of mobile phones and internet access,
information access has improved in the region. Price and quality requirements are
communicated by processors who receive market cues from international buyers, and
disseminate this information to intermediaries and farmers. Yet there are still asymmetries in
information flow and decision-making power. While basic price awareness might increase, the
quality, depth, and actionable nature of information remain limited for smallholders. They
might know a price, but not why it is that price, how it relates to export markets, or how to
improve their product in order to achieve a better price. As a result, they continue to be price
takers. This situation is widely observed in agricultural value chains, not only in developing
countries such as in South Africa (Hlatshwayo et al., 2021), the Gambia (Bojang & Emang,
2024), Mozambique (Costa & Delgado, 2019), and Ethiopia (Lee at al., 2021) but also in
developed countries such as in the apple fruit value chain in Poland (Pietrzak et al., 2020).
These studies suggest that mobile phone ownership and internet access are associated with
higher agricultural prices; however, the impact of adoption of these technologies is not
transformative enough to eliminate the power imbalance entirely. This is particularly the case
in developing countries where intermediaries play a crucial role in connecting fragmented
farmers but also exploit their position as information brokers. Detailed price and quality
information are disseminated only in a filtered or manipulated form in order for the
intermediaries to maintain their margins. According to Miller (2021), this information
asymmetry, where lead players have greater capacity to obtain and control system-wide
knowledge in order to maintain their market power, creates an unhealthy power dynamic within
value chains. This undermines smallholders' ability to upgrade their position in the value chain,
whether through process upgrades (better farming practices), product upgrades (higher quality

varieties), or functional upgrades (taking on processing tasks).
6.2. Material flow in the cashew value chain

This section discusses the material flow within the cashew nut value chain, emphasizing the

very low conversion rate of cashew fruit to cashew kernels as well as two major by-products
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generated during production and processing — cashew apple and cashew nutshell. It discusses

how these by-products are managed and valorized.
6.2.1 Low conversion yield of cashew fruit to cashew kernel

The findings of this study indicate that to produce 1 kg of cashew kernels, approximately 45.1
kg of raw cashew fruit is required, resulting in a kernel yield of only about 2.2% by mass. The
remaining biomass consists of about 88% pseudofruit (cashew apples), 5.5% shells,
approximately 0.1% testa (brown skin) as processing residue, and about 5% water loss through
evaporation. This 2% yield is not due to inefficiencies or food loss in post-harvest handling or
processing (which are not taken into account in this study), but rather due to the inherent
botanical structure of the cashew fruit which is characterized by the dominant cashew apple
and the industry's historical focus solely on the kernel. This very low material conversion
efficiency means that a significant amount of land, labor, water, and nutrients is used to produce
a small quantity of edible kernel, while generating a large volume of other biomass. Studies on
other tree nuts such as almonds, walnuts and pistachios have identified that these nuts also
generate by-products such as hulls, shells, and skins during post-harvest handling and
processing. However, the kernel-to-by-product ratio in these cases is much higher, at least 20%,
compared to that of cashew. For instance, almonds have a kernel yield of 23%, with by-
products including 70% husk and shell and 6% brown skin (Silva et al., 2025); the walnut’
kernel ratio varies by variety but is generally around 40% of the whole fruit (Sharma & Sharma,
2001); pistachios have a kernel-to-nut ratio ranging from 47% to 57% (Tsanliti et al., 2010).
Therefore, while by-product valorization efforts for other nuts always focus on shells, the
biological structure of cashew presents a greater challenge, as it results in two major, distinct,
and high-volume by-product streams (apple and shell), each requiring different valorization
strategies. Research has asserted that tree nuts’ by-products show significant potential for
value-added applications in both food and non-food sectors, yet they remain heavily
underutilized, particularly at the industrial level (Silva et al., 2025; Khir & Pan, 2019;
Shakerardakani & Molaei, 2020). With the application of innovative techniques, these by-
products could be transformed from their “current low-value status into high-revenue raw
material streams” (Khir & Pan, 2019). However, many processors, especially in developing

countries, struggle to efficiently utilize by-products generated during processing.
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6.2.2 Cashew apple

Regarding the cashew apple, the findings of this research indicate that only a very small portion
is consumed as fruit or used in vegetable dishes and beverages, while nearly 99% of cashew
apples are left to rot on the farm. In Binh Phuoc, approximately 152,000 ha of cashew
cultivation takes place with an average nut yield of 1,500 kg/ha, this translates to more than 2
million tons of cashew apples being wasted annually. This is largely attributed to their high
perishability, seasonal availability, and astringent taste, combined with a lack of infrastructure,
cold chains, and processing technologies. Yet, at the same time, they are rich in amino acids,

vitamins, minerals, reducing sugars, and polyphenols.

According to van Walraven & Stark (2023), global cashew apple production is estimated at
36.9 million tons, yet only 1.3 million tons are utilized in industrial production. This
underutilization is consistent across cashew-producing countries such as Mozambique (World
Bank, 2022), Nigeria (Nwosu et al., 2016), Indonesia (Hidayati et al., 2021), Tanzania (Dimoso
et al., 2024) and Ghana (Akyereko et al., 2023). These studies indicate that most cashew apples
are left to rot on farms, with only small portions used as animal feed or consumed as snacks or
juice during the harvest. India, the world’s largest cashew nut producer, has made some efforts
to commercialize cashew apple processing, most notably in the production of a special
alcoholic beverage called feni, which received Geographical Indication status in 2009. Yet, a

large portion of cashew apples in India still go to waste (Bhavana & Patil, 2021).

Recent studies have emphasized that this widespread wastage has significant economic and
environmental implications, particularly as it takes place in developing countries.
Economically, massive resources are used to cultivate the whole cashew fruit, yet only a small
fraction (the nut) is monetized. If even part of the 99% of the apple currently wasted could be
utilized, it could create an additional income stream for farmers and reduce their vulnerability
to fluctuations in nut prices. Furthermore, cashew apple processing could generate new jobs
and economic opportunities, improve food security and nutrition, address micronutrient
deficiencies, and strengthen rural economies (Aluko et al., 2023, Dimoso et al., 2021; 2024).
Several researchers suggest that greater utilization of cashew apples could contribute to
achieving Sustainable Development Goals (SDGs) 1, 2, and 3 alleviating poverty and hunger,
and support good health and well-being. According to Akanro et al. (2022) in their Benin study,
valorizing cashew apples could create more income, reduce poverty by “6% for harvesters,

3.4% for juice traders, and 135.8% for processors” and also empower farmers by strengthening
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their position in the value chain. From an environmental perspective, multiple studies have
identified that rotting cashew apples on farms can: (1) create foul odors and attract insects,
rodents, and other pests, potentially increasing disease risks in farming communities (Bhavana
& Patil, 2021); (2) decompose under anaerobic conditions, releasing approximately 64%
methane and 33 % carbon dioxide (Faye et al., 2024); and (3) leach nutrients and organic acids
into surrounding soil and water bodies, contributing to eutrophication and altering soil pH,

which can damage local ecosystems (Sial et al., 2024).

Brazil has a more established tradition of processing and consuming the cashew apple, where
it is not merely seen as a by-product but is recognized for its cultural and culinary value. In
2012, it was reported that around 12% of Brazil's cashew apple production was utilized (Paiva,
2012), with usage and industrial processing scale having increased that since. Cashew apples
are consumed fresh and processed into a range of food and beverage products, while the
resulting by-products (such as pomace or bagasse) are further valorized—; this is discussed in
detail in Section 6.3. This illustrates that while many cashew-producing countries are still
struggling with the primary challenge of valorizing the whole cashew apple, Brazil represents

a more mature model, now exploring the valorization of secondary by-products.
6.2.3 Cashew nutshell (CNS)

The findings of this research reveal a positive trend in the industrial-scale valorization of
cashew nut shells to produce cashew nut shell liquid (CNSL), a high-value product which
would otherwise have environmental impacts if it was discarded due to its toxic components
or burned without proper handling. Furthermore, the de-oiled shells (cashew shell cake) are
then used as fuel after extracting the oil, and this represents a more advanced form of waste

valorization that aligns with CE principles.

In the region, with nearly 700,000 tons of cashew kernels processed in 2023 (BP GSO, 2024),
an estimated 1.743 million tons of cashew nutshells were generated. This could yield nearly
300,000 tons of CNSL, equating to around VND 46 billion (or about USD 1.8 million ') in

economic value (based on the yield rates and indicative prices shown in Chapter 5, Table 2).

1'US exchange rate: US 1= VND 26,022 (02/06/2025)
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This value represents about 50% of the value of kernels obtained from the same 700 thousand
tons of raw cashew nuts, creating strong incentives for processors to invest in CNSL extraction.
Compared to modern extraction methods like solvent extraction or cold pressing, which yield
high-quality natural CNSL and preserve anacardic acid, the primary method used in the region
is hot oil extraction. This method is simple, scalable, and industrially efficient, producing
technical CNSL suitable for applications in surface coatings, paints, biofuels, varnishes,
polymer production, ship paints, wood treatment, lacquer, lubricants, and friction materials.
Yet, it reduces the availability of CNSL for specialized pharmaceutical and biomedical
applications (Vichitra et al., 2025). Furthermore, the de-oiled shells (cashew shell cake) are
then used as fuel after extracting the oil, this represents a more advanced form of waste
valorization that align with circular economy principles. This study also found that raw CNSL
at various levels of purification (including cardanol and cardol) is exported to countries like
the US, EU, Japan, Korea Republic, India and China for further processing into high-value
derivatives. This suggests a gap in local processing capabilities and highlights the opportunity
to move up the value chain by developing domestic industries that convert CNSL into
specialized chemicals and finished products. This will enhance local value addition andhas

potential to create a new, integrated sub-value chain within the cashew industry.

In contrast, India has a long-established CNSL industry with more advanced extraction
technologies and well-developed downstream sectors. In 2023, India processed approximately
2 million tons of raw cashew nuts (1.2 million tons imported and 0.8 million tons domestically
produced) (FAOSTAT, 2025), generating an estimated 900 thousand tons of CNSL. According
to APEDA India (2025), in the fiscal year 2023-2024, India exported 3,508.18 tons of CNSL
(USD 1.93 million) and 9,714.12 tons of cardanol (USD 7.36 million), with designated export
destinations including China, Vietnam, Mexico, South Korea, Japan, Europe, and the USA
(APEDA, 2025; India Stats, 2023). This indicates that beyond exports, a significant quantity
of CNSL is used domestically for producing industrial products, allowing India to capture more
economic value. Various studies highlight the wide range of CNSL applications in India
including foundry chemicals, paints, laminating resins, rubber compounding resins, cashew
cements, polyurethane-based polymers, surfactants, epoxy resins, friction linings, and chemical
intermediates (Bhaskaran, 2017; Darkunde et al., 2022; Singaravelu et al., 2019). This reflects
India’s move beyond raw extraction to the establishment of a network of chemical and

manufacturing industries that utilize CNSL as a base material for high-value products. While
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some raw or refined CNSL is exported, a large portion is retained for domestic industries to

maximize internal economic, which is further discussed in Section 6.3.

Conversely, various studies have found that CNSL valorization in African cashew-producing
countries such as Cote d’Ivoire (Costa & Delgado, 2019), Kenya (Omolola, 2024), Gambia
(Bojang & Emang, 2024), Tanzania (Mang'ana et al., 2024), and Mozambique (World Bank,
2022) remains underdeveloped. In Tanzania, for instance, only 5% of raw cashew nuts are
processed locally, with limited value addition, including CNSL extraction. As a result, a large
proportion of cashew shells are either discarded or used as low-value fuel, contributing to
disposal costs and environmental challenges. Cruz et al. (2024) highlight that the open burning
of CNS rich in anacardic acid releases fine particles that, when breathed in, raise the risk of
cardiovascular disease, bronchitis and asthma, and that discarded CNS contributes soil
acidification and fire hazards. However, studies also point to a positive shift: many African
countries are beginning to reduce their reliance on raw nut exports and are developing domestic
processing industries, often with support from foreign investors (World Bank, 2025). They
suggest that CNSL is a central focus of this transition, which is recognized not just as waste,
but as a vital source of economic value, a foundation for new industries, and a critical
component in building a more circular and environmentally sustainable agricultural sector. The

ultimate goal is to "close the cashew loop," foster local processing, and generate green jobs.
6.3. Circularity the cashew sector in the region

Based on the MFA results, this section discusses the circularity of the cashew sector in Binh
Phuoc Province and identifies opportunities to further develop the valorization of cashew
apples and CNSL in Section 6.3.1 and Section 6.3.2. It then discusses the uneven levels of
circularity between these two by-products and the barriers to transition towards a more circular

model in Section 6.3.3.
6.3.1 Cashew apple

Cashew apples, rather than being treated as a “by-product,” are considered “waste” in Binh
Phuoc Province; there are no established processing, market, or innovation pathways in the
upstream segment of the value chain. This reflects an open-loop system and a classic example
of the linear “take-make—dispose” model, resulting in significant food loss and missed

opportunities for valorization. In contrast, the circular economy (CE) concept emphasizes
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recapturing, reusing, and converting resources into valuable inputs, designing out pollution,

and integrating by-products into the value chain.

By contrast, Brazil has developed successful valorization pathways for cashew apples, where
they are not only processed into various food and beverage products at an industrial scale but
also further valorized through the use of secondary by-products (cashew bagasse/pomace). This
progress is partly due to the development of cashew varieties whose apples fall to the ground
without being damaged, thereby extending the logistics window and processing time before
spoilage (Filgueiras et al., 1997). Furthermore, the consumption of fresh cashew apples is
supported by modern techniques like modified atmosphere packaging and storage at 5°C,
which can extend shelf life up to 21 days (Paiva, 2012) or processed into a wide range of
products, including Cajuina (a non-alcoholic clarified juice exported to the USA, Netherlands,
Portugal, and Switzerland), fruit juice blends, candy, wine, jam, and animal feed. Recently,
attention in Brazil has turned to the cashew apple pomace or bagasse, the secondary by-product
from juice extraction as a resource for further valorization (Da Silva et al., 2023, Oliveira et

al., 2020, 2022; Sucupira et al., 2020).

Beyond Brazil, a growing body of research highlights multiple pathways for cashew apple
utilization. Studies have demonstrated the potential to transform this underutilized biomass into
a diverse range of products including food and beverage products (juice, nectar, wine, vinegar,
spirits, jam, jelly, marmalade), biorefinery and industrial applications (animal feed, biofuel,
biogas, bioethanol), and medical uses (therapeutic agents, functional foods, nutraceuticals)
(Aidoo et al., 2022; Dheeraj et al., 2023; Bhavana & Patil, 2021; Da Silva et al., 2023;
Mtashobya et al., 2025). These provide a roadmap for Vietnam, demonstrating the potential to
create new revenue streams in the upstream segment and foster a more diversified and resilient
cashew industry. Importantly, it shows that the challenge does not lie in the inherent qualities
of the fruit itself, but rather in the strategic priorities and institutional framework of the
Vietnamese industry. This suggests that solutions require not only advanced technologies but

also new mindsets and business models to capture value from all parts of the fruit.
6.3.2 Cashew nutshell liquid (CNSL)

In terms of CNSL, the MFA results of this study indicate that extracting cashew nut shells
(CNS) into CNSL transforms a waste product into a tradable commodity, introduced a degree

of circularity, and moving beyond the traditional low-value practice of burning CNS for fuel.
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Yet, the domestic value chain functions as only a partial closed-loop system: CNSL is extracted
using simple mechanical methods in most processing plants, after which the majority of crude
CNSL is exported to other countries for advanced processing, as discussed in the MFA section.
This confines the by-product to a low-profitability loop, suggesting that circularity is present
only at the basic extraction stage, while higher-value derivatives remain underdeveloped
locally. The residual shells left after oil extraction could also be repurposed, for example as a
renewable fuel source, biomass briquettes, or raw material for activated carbon, thereby

improving resource efficiency and moving the system closer to full circularity.

The MFA results indicate that Vietnam’s and India’s CNSL industries share a similar structural
dependency, as both countries rely heavily on imported raw cashew nuts to utilize their full
processing capacity, generating substantial biomass in the form of CNS, which can serve as the
primary feedstock for CNSL extraction. Various studies have documented that India has
invested in and established advanced distillation and refining technologies to produce high-
purity derivatives such as cardanol, a key ingredient in high-value industrial products thereby
stimulating the development of downstream industries as discussed in Section 6.2.3
(Bhaskaran, 2017; Darkunde et al., 2022; Singaravelu et al., 2019). More recently, India has
shifted its focus beyond basic mechanical and thermal extraction methods toward advanced
techniques such as solvent extraction (Static Solvent Extraction, Soxhlet Extraction, Ultrasonic
Extraction, Supercritical CO2 Extraction) and pyrolysis to not only improve yield and purity
but also preserve valuable bioactive compounds, such as anacardic acid, which shows promise
in industrial and pharmaceutical applications (Prakash, 2020; Darkunde et al., 2022). This
technological progression demonstrates a more mature, circular value chain in India, where
upstream biomass utilization is closely integrated with downstream industrial development.
The incorporation of CNSL into diverse sectors reflects India’s strategic upgrading of its

cashew by-product economy.

Brazil, with its long-standing history of cashew cultivation, is also transitioning toward a more
circular bioeconomy model. Although Brazil processes a smaller share of global cashew nuts,
it has focused on niche, high-value applications of CNSL, particularly in the pharmaceutical
and cosmetics industries. Several studies have examined the bioactive properties of CNSL’s
phenolic compounds (anacardic acid, cardanol, cardol), identifying their antioxidant, anti-
inflammatory, antibacterial, cytotoxic, and antiparasitic activities and indicating the long-term

value of CNSL may lie in its use as a source of active ingredients for medical and cosmetic
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products (Soares et al., 2022). For instance, research has documented the effects of anacardic
acid, cardol, and cardanol on brain tumor cells (Shilpa et al., 2015), breast cancer cells and
growth inhibition (Huang et al., 2014), and pancreatic cancer cells (Park et al., 2014). While
these studies remain in early research stages, they illustrate a promising trajectory for CNSL

from industrial chemicals to high-value pharmaceuticals.

The contrasting cases of India and Brazil highlight two distinct strategies: India leverages its
large biomass base to support both industrial and emerging pharmaceutical applications,
whereas Brazil, with a smaller raw material supply, focuses on niche, high-end markets such
as anti-cancer treatments and bioactive cosmetics. In comparison, Vietnam remains positioned
as a supplier of raw and crude materials, with limited downstream valorization. This
underscores a strategic gap and an opportunity for Vietnam to upgrade its CNSL value chain
by adopting advanced extraction technologies and exploring high-value applications in

industrial and pharmaceutical domains.
6.3.3 Uneven circularity and the barriers in transition toward CE in the cashew sector

The above discussion indicates the cashew value chain in Binh Phuoc Province adopts a partly
circular economy (CE) model, with no circularity in cashew apples and only partial circularity
in cashew nut shells. This coexistence of two scenarios in CE implementation within the
Vietnamese cashew value chain indicates the incremental nature of CE implementation, where
multiple interpretations and practical approaches lead to opportunistic, step-by-step adoption
in areas that make the most economic sense. The partial circularity of CNSL reflects the
incremental adoption of simple, low-risk circular strategies due to resource constraints (human,
capital, technology). Kirchherr et al. (2017, 2023) emphasize that CE should be
comprehensively and systematically implemented at the macro (nation, region), meso
(industrial parks), and micro (consumers, products, companies) levels to enable sustainable
development, yet, in practice it is often implemented through incremental shifts within existing

systems as shown in this study.

The findings of this study also indicate that the non-circularity of cashew apples is linked to
their classification as food waste or low-value byproducts, along with their perishability,
seasonal availability, dispersed production across farms, and lack of farmer, processor and
consumer’s awareness. By contrast, the partial circularity of CNSL emerges because cashew

shells are produced in large volumes at centralized processing facilities in the region, and there
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is significant industrial capacity. The processing into CNSL is also supported by its high
industrial value, long shelf life, and ease of storage and transport. The distinction between
dispersed production waste and concentrated industrial waste is also evident in other
agricultural value chains, even in developed countries such as those for wine, citrus, and apple
juice. In these sectors, large-scale processing generates massive amounts of biomass waste that
can be valorized through multiple pathways. For instance, in the wine value chains of France,
Italy, and Portugal, grape marc is processed into polyphenols, dietary fiber, and antioxidants
via chemical treatment; bioenergy and biochar via thermal treatment; and composts and
biofuels via biological treatment (Agraso-Otero et al., 2025; Provenzano et al., 2024; Rivera et
al., 2007; Demiral & Ayan, 2011; Corbin et al., 2015). Other vineyard residues, such as grape
stalks and pruning, are often managed in a decentralized way by individual farmers. This
highlights that when byproducts are generated at large, centralized processing plants, it is
logistically easier to manage and valorize them into high-value products using mature and
widely adopted technologies. By contrast, agricultural byproducts are usually generated at
dispersed, small-scale farms, making collection costly and difficult, with limited available
technology, capital and expertise, weak policy and institutional support. This hinders the
utilization of byproducts and integration of these processing routes in the downstream domestic

value chain — as can be seen in the case of cashew by-products in Vietnam.

Humberto et al. (2025) outline five main barriers to CE in agri-food value chains, all of which
are evident in Vietnam’s cashew sector: (1) high initial and transition costs limit small-scale
farmers and processors from investing in modern technologies; (2) operational knowledge and
information gap; (3) technical knowledge gaps, particularly in processing cashew apples and
advancing CNSL derivatives; (4) resistance to change is reinforced by cultural and market
perceptions of cashew apples as ‘waste’, (5) weak coordination and the absence of clear
policies on by-product utilization reflect institutional barriers. Interpreted through a value chain
lens, it is suggested that the barriers for the cashew industry in Vietnam are mainly rooted in a
lack of coordination in both horizontal (among smallholder farmers and processors) and
vertical (between farmers, processors and government agencies) directions in the value chain.
These barriers have impeded the development of downstream uses for cashew by-products like
apples and CNSL, limiting Vietnam’s ability to move beyond raw material exports toward a

more circular and value-added cashew economy.
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Chapter 7. Conclusion

This chapter summarizes the key results of the studies (Section 7.1), recommendations for key
cashew stakeholders (Section 7.2), implications of this study (Section 7.3), limitations of this
study (Section 7.4), and provides suggestions for future research related to this topic (Section

7.5).
7.1.  Summary of key results

The result of this study indicates there is only one processed cashew value chain with different
levels of processing that produces two types of products: 90% white cashew kernels and 10%
highly processed cashew such as roasted and flavored cashew (Section 6.1). Although all these
cashew products are processed domestically, local production accounts for only 10%, while
the remaining 90% of raw cashews are imported to fully utilize the processing capacity. The
study also found that the cashew value chain in Binh Phuoc Province has a multi-layered
structure with a variety of VC players including agricultural input suppliers, smallholder
farmers, traders, collectors, processors, and export brokers. Domestic distribution
occurs through three channels: general trade (GT), modern trade (MT), and e-commerce. The
findings also suggest that there is very weak horizontal coordination between players in the
region. With regard to vertical coordination, governance is characterized as informal market-
based in the upstream segment, and more formal and contractual relationships in the midstream
and downstream segments. The information flows among players are asymmetric with
decision-making power concentrated in processors, limiting the smallholders’ ability to

upgrade their position within the value chain.

In terms of material flows, the cashew kernel is the main commercial product in the cashew
value chain. The findings of this study suggest that there is very low conversion yield of cashew
fruit to cashew kernel (2% by mass), and the main by-products are cashew apple and cashew
nutshell. Cashew apple, which makes up nearly 90% of the fruit, is currently underutilized and
usually left to rot on farms. Cashew nut shells, which represent around 5% of the whole fruit,
are fully utilized for CNSL extraction, representing a small sub-value chain within the broader

cashew sector.

These indicate a situation of partial circularity in the cashew industry. The cashew apple is not

generally utilized, and cashew nutshell processing is limited to crude extraction with processing
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into higher value derivatives remaining underdeveloped locally whilst the CNSL is exported
to other countries for advanced processing. This uneven circularity in the cashew sector
illustrates the incremental and opportunistic nature of CE implementation with step-by-step

adoption based on immediate economic returns.
7.2. Recommendations from the study

The findings of this study highlight the weak coordination between players, heavy reliance on
imported raw materials, and limited or no value addition to cashew processing by-products.
The recommendations based on this research are therefore strengthening value chain
governance and coordination. The latter requires vertical coordination (improved linkages
between farmers, processors, and exporters) and horizontal coordination (cooperation among
farmers, cooperatives, and/or SME processors). Additionally, financial, regulatory, and
institutional measures from government are needed to foster a more resilient, equitable and

transition into close-loop circular cashew sector in Binh Phuoc.
Recommendations for government or policymakers

The findings of this study indicate the uneven circularity in the cashew sector is due to
incremental development driven by immediate economic opportunities. To achieve a
comprehensive systematic transformation towards a full circular model, governments should
integrate cashew by-product valorization into regional Green Growth Strategies and
Agricultural Restructuring Plans. This requires not only investing in in-depth and scalable
research on cashew by-products and but also creating platforms that foster public—private
partnerships, where researchers can present innovations and businesses can identify potential
collaborators. Furthermore, the underutilization of cashew apples is closely linked to low
public awareness of their nutritional value and economic potential. Governments can address
this gap by promoting education and awareness at both local and national levels, helping to
shift perceptions about cashew apples from waste to valuable co-products and thereby
stimulating demand for both raw and processed forms, which in turn creates stronger incentives

for valorization.

Since the raw cashews that are processed in the region are nearly 90% imported, increasing the
proportion of domestic supply is crucial to reduce the vulnerability of the sector to international

disruption. Government should foster domestic cultivation by funding research into high-yield,
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high-quality cashew varieties and offering subsidies or credit guarantees for replanting old,

unproductive orchards.

The findings from this study indicate there is very weak horizontal and vertical coordination in
the cashew sector. This means that smallholder cashew farmers and processors work
independently and therefore have limited bargaining power (farmers with traders/processors,
and processors with brokers and international buyers). Thus, government should introduce
incentive structures and supportive frameworks to facilitate both horizontal and vertical
coordination to improve market access, ensure fairer prices, and allow farmers and processors
to pool resources for investment in advanced production and processing technologies. For
example, financial incentives like tax breaks, grants, and low-interest loans should be offered
in order to lower the financial risks and burdens for farmers adopting sustainable practices and

processors investing in innovative technologies.
Recommendations for cashew nut processors

The findings of this study highlight that cashew nut processors are the chain captains but mainly
focus on kernel extraction, overlooking strategic opportunities for increasing supply chain
security and value creation through both highly processed cashew nut products and byproducts
(cashew apples and cashew nutshell). To reduce import risks and ensure a stable supply of
high-quality local raw cashew nuts, processors should adopt strategic sourcing and integration
through contractual relationship with domestic farmer cooperatives, provide them technical
support and premium prices to incentivize quality improvement. This approach will strengthen
supply chain security and can provide a marketing advantage (“Made from Vietnamese

cashews”).

Instead of the current practice of exporting — nearly 90% of the white cashew kernels,
processors should collaborate horizontally to invest in technology, R&D, and marketing to
create added value products. The aim should be to shift from being bulk B2B suppliers to
developing own-brand cashew nut for domestic consumption and niche export markets to

capture greater market value.
Recommendations for cashew apple processors

The current underutilization of cashew apple underscores that cashew farmer cooperatives and

cashew nut processors could potentially become processors of cashew apple by leveraging their
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position in the value chain. Farmer cooperatives, being the central point for collecting raw
cashew nuts from cashew fruits, are in the best position to capture the value of cashew apples
at the source. These cooperatives could partner with research institutions to train members on
proper harvesting, post-harvest handling, food safety, and processing techniques. They could
then establish small-scale processing units, and invest in simple, cost-effective processing
equipment to develop a local brand for their cashew apple products or process stable
intermediate products for sale to processors or other food companies. This approach would not
only generate additional income for members but also position cooperatives as strategic

partners for processors seeking traceable and sustainable sourcing practices.

Alternatively, cashew nut processors, as the primary buyers and processors of nuts, could
further scale up by-product utilization and integrate it into their existing operations by
leveraging existing infrastructure, labor, and energy sources, thereby reducing initial
investment costs. To guarantee a consistent supply of cashew apples, they should work closely
with farmer cooperatives, offer a fair price for the apples in addition to the nuts and provide

logistical support for rapid collection and transport to processing facilities.
Recommendations for CNSL processors

Instead of simply extracting and exporting crude CNSL, processors should collaborate
horizontally to pool resources to invest in advanced technologies for extraction, refining, and
high-value derivatives' production as highlighted in the circularity discussion (Section 6.3).
They should also partner with research institutions to develop new applications for CNSL,
thereby enabling the sector to capture a larger share of the value from this versatile industrial

material.
Recommendations for farmers

The findings of this study indicate that there are very few cooperatives or farmer producer
organizations (FPOs) in the region, and smallholders contribute only 10% of the raw input
supply for the region’s total processing. The smallholders therefore have weak bargaining
power, and in addition are disadvantaged due to information asymmetry and limited resources
(human, financial, and technological) to upgrade their cultivation techniques and to capture
value from cashew apples. It is recommended to establish cooperatives or FPOs to enable

farmers to access credit, facilitate bulk purchasing of agricultural inputs, and adopt modern
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farming practices to increase both yield and quality of raw cashew nuts. This will improve their
competitiveness against imported cashews and enable them to negotiate better prices with

processors.

Farmers should also change their mindset from viewing the cashew apple as waste to viewing
it as a second harvest product. As a group, cooperatives could make the valorization of this by-

product both viable and effective.
7.3. Implications of the study

The study highlights the importance of combining VCA, MFA and CE frameworks to
understand value creation and resource efficiency in agri-food chains. By analyzing by-
products alongside the main product, it reveals hidden inefficiencies and uneven circularity that

would be missed in a kernel-only value chain study.

The findings highlight how weak governance and lack of coordination hinder upgrading
opportunities, including improved resource valorization. This underscores the need for multi-

stakeholder partnerships and technology investment in processing of added value products.

The study also emphasizes the need for policy frameworks that not only support kernel exports
but also enable systematic valorization of cashew by-products, with the government playing a

crucial role in scaling CE adoption.
7.4. Limitations of the study

The research was conducted in Binh Phuoc province, Vietnamese largest cashew-producing
and processing region. Given the province's size (11 districts and 111 communes) and the
constraints of the study's time and research capacity, interviews were concentrated in the top
four districts with the highest cashew production and processing. Thus, the findings may not
be generalizable to the entire province as experiences and challenges of farmers in the largest,
most productive communes/districts may differ from those in smaller, less developed areas.
Besides, cashew cultivation and processing practices vary across Vietnam, meaning that results
from Binh Phuoc may not be representative of other regions. Furthermore, information and
economic indicators in this study were collected based on interviewees’ experiences and

perspectives, which may introduce selection bias.
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Cashew varieties in the region differ in their nut-to-fruit ratio. As the MFA data was collected
on selected farms in Binh Phuoc Province, this may not capture the full diversity of varieties
and cultivation patterns, which could affect the calculated ratio between cashew apples and

nuts.

After the fieldwork was completed, an administrative change occurred in Binh Phuoc, resulting
in a merger with Dong Nai province. The latter is known for its industrial clusters, and this
merger may therefore change the structural dynamics of the cashew sector, affecting supply

chains, market access, and regional competitiveness.
7.5. Future research recommendations

This study is among the first to apply an integrated framework combining VCA, MFA, and CE
principles, providing a holistic understanding not only of the structure of the cashew nut value
chain but also how materials flow from cultivation to processing to final products. As the
research employed qualitative methods, there is a need for quantitative studies to complement
the findings presented here. Future studies could apply life cycle assessment (LCA) to measure
the environmental impacts of the cashew life cycle from cultivation through processing and to
distribution, cost—benefit analysis to evaluate the economic viability of by-product
valorization, and more detailed MFA to quantify the variability in flows associated with
different production, processing, and distribution activities. Such approaches would provide
more precise estimates of environmental, social, and economic benefits, thereby strengthening

the evidence base for policy and investment decisions.
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Appendices

Appendix 1: Research questionnaire for farmers
Identity & Farm characteristics

Interviewee’ identity: Could you please tell me about your personal details? (age, educational

background, cashew farming experience, motivation on cashew farming)

Farm characteristics: Could you please tell me about your farm? (farmland size, year of
operation, ownership status, agricultural crop, percentage cashew farm, cashew varieties and

reason behind it, number of cashew tree or hectare, age of tree)
Cashew cultivation

Could you please tell me about your cashew cultivation’ input (what-how-why types of input,

source of input, price of input, how impact on cashew yield)

Could you please tell me about your cultivation practices? (what-how-why, methods and why,
tools and labors, irrigation (what source, how, equipment, what energy), waste and by-products

(what happen with those, how deal,why)
Could you tell me about tree rejuvenation: how often, what happens with the old?

Could you tell me about what you do and or other farmers do to improve/increase productivity?

How? Why?

Harvesting

Harvest: what do you do after cultivation of cashew? (when harvest (seasonal or year round),
methods, techniques, tools used, frequency of harvest, yield of cashew (wet/dry basis per
tree/hectare/farm)

Post harvest activities:

Raw Cashew: what happens after harvesting? (sell wet/dry to whom, drying and storing for later
processing (shelf-life), selling volume

Wastes/By products after harvesting: Could you tell me about the waste and by-products during
cashew cultivation and production? (What — How much — How — What techniques, tools —

When — Why — other farmers’ practices?
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Cashew storage: Could you tell me how do you store your cashew? (material of packaging,
method, time, perishability?), Any loss during storage and how to deal with?

Cashew selling & transportation

Cashew selling: Could you tell me how you sell the cashew? (types (wet, dry, unshelled,...)
How? For whom? How transport? To where? Why?

Cashew apple selling (if any) Could you tell me how do you deal with cashew apple? (when,
types (wet, fermented,...), selling and marketing activities? For whome? How transport? To
where? Why?

Marketing: Could you tell me how do you arrange to sell your products? What market and
percentage? How do you determine the price and why? How much? How the buyers assess the
cashew nut quality? What if you have several buyers? How do you arrange to sell for them?
Payment: How do you arrange payment with buyers? (method of payment, delay payment)
Farmer group or cooperatives

Are you a member of farmer group or cooperative? Why?

Future, Opportunities, Challenges

Do you have any challenges in cashew cultivation, production? What is it? Do you receive any
support from the government, cooperatives, or associations? What kind of assistance would
help improve your farming practices (e.g., financial, technical, training)?

Do you see what are the opportunities of cashew cultivation in the next few years? Why?
What are you doing to increase income from cashew farming? What are other farmers doing to

increase income?
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Appendix 2: Research questionnaire for intermediaries (traders, collectors)

Identity & processors’ characteristics

Interviewee’ identity: Could you tell me about your personal details? (Role/Position in business,
experience in position or cashew business? Why this business/career?

Company background: Could you tell me about your business or company? (business size, years
of operation, trading volume, processing capacity, company products, role in cashew value
chain)

Cashew sourcing activities

Suppliers: How do you buy the cashew nut? From whom (farmers, collectors,...), contract with
suppliers?

Cashew volume: What types of cashew nut you buy? (wet/dry) and How many in quantity per
month/season/year? How arrange to source cashew? Standards for cashew (moisture, size,...)
How storage cashew whole year round? What doing in oftf-cashew season?

Cashew price: How do you set the price? Average price? what impact on cashew price? Why?

How do market prices or buyer requirements affect your purchasing decisions?
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Appendix 3: Research questionnaire for processors

Identity & processors’ characteristics

Interviewee’ identity: Could you tell me about your personal details (Role in business,
experience in position or cashew business? Why this business/career)

Company background: Could you tell me about your company/business (business size, years of
operation, processing capacity, company products)

Cashew sourcing activities

Suppliers: How does the company buy the cashew? (who are your suppliers/ what types of
cashew (wet, dry,...)/ standards for cashew (moisture, size,...)/ contract with suppliers?
Cashew volume: How many in quantity cashew buying per month/season/year? How arrange to
source cashew? How to utilize processing capacity all year round? Challenges in securing
consistent quality/quantity?

Cashew price: How do your company set the price? Average price of cashew? what impact on
cashew price?

Cashew quality: How do your company assess the quality of cashew nuts? (certification needed
and its impacts on input/output price). Is there any quality standard do you apply for the raw
cashew nut for example: origin, moisture percentage, size?

Payment with suppliers: How do you arrange the transaction with farmers/suppliers? What is
the method of payment? Is there any payment contract?

Cashew value adding activities

Processing steps: What is the final product you produce (e.g., shelled kernels, roasted cashews,

coated cashews)?) What do you do to add value for cashew nut?

Technology and labour: What technologies or equipment do you use for each processing stage?

Who are involving in each stage?

Packaging & storage: How do you package and store processed cashews?

Cashew kernel size & quality: How do you set your cashew quality? Which certificate or

standard do you follow? (ISO, HACCP, BCR,..)

Waste & By-products: What kinds of waste, by-products, unqualified nuts during processing

and what happens with them? Quantities each? What do you deal with them?
Marketing, Selling and Transportation
Buyers: How do you sell your products? For whom (Domestic or Foreign buyers)? Which

market? Percentage each market? Why? How to reach buyers?

142



Cashew kernels’ price: How determine the price? What is the average price? Is domestic and
export price the same? Why?

Payment: How do you arrange the payment? what method of payment? Selling and payment
contract? Negotiation term?

Transportation: How do your company deliver (transport) your products to buyers? Where are
they? (maping cashew value chain)

Challenges and Future plan

Do you have any challenges in cashew production? What is it?

Do you foresee changes in the cashew industry that could impact how you operate? (challenges
and opportunities)

Are there government policies or incentives that support your processing activities? What

additional support (funding, training) would help improve your operations?

What are you planning to do in the future? What are other processors doing?
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Appendix 4: Questionaire for cooperatives

Cooperatives are the combination of cultivation of cashew, collection of cashew nut and may
process cashew. So, the questions are similar to farmers and middleman/collectors/processors
Identity: Could you tell me about your personal details (Position in organization, describe role)
Cooperative’ characteristics: Could you tell me details about your cooperatives (when
established, how experience in cashew activities (cultivation, collecting, processing), role in
cashew activities/value chain, number of membership, size of cooperative (hectare, tree,...))
Cooperative model: Could you tell me about your cooperative model?

Challenges: what challenges in operate/support cashew activities

Opportunities: what opportunities in operate/support cashew activities

Are there government policies or incentives that support your processing activities? What

additional support (funding, training) would help improve your operations?
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Appendix 5: Questionaire for exporters

Large processors companies will act as the exporters as well. Hence, to those large companies
using the similar questionnaire for processor.

Identity & processors’ characteristics

Interviewee’ identity: Could you tell me about your personal details (Role in business,
experience in position or cashew business? Why this business/career)

Company background: Could you tell me about your business/company(business size, years of
operation, processing capacity, export volume, company products, export market)

Cashew processing:

Certification and quality: What standard/certification of target exported countries? How arrange
and ensure quality and standards?

Cashew exporting:

Buyers: where are exported countries? Why? How reach them? Main market (US, EU, Middle-
east, Asian, Ocean,..) estimate what percentage of market?

Volume: How many tons? How often?

Negotiation & price: How determine the price? What impact the price? How negotiate price
based on quantity, quality?

Payment: what payment methods? Contract?

Challenges and risks: challenges and risks in export (not receive payment, supply chain
disruptions due to lack of input cashew,...)

Opportunities: opportunities in cashew industry? Plan for the future?
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Appendix 6: Questionaire for Government officer, Cashew Association

Identity: Could you tell me about your personal details (Position in organization, describe role,
experience in the position/cashew-related division)

Provincial context: Could you provide an overview of the cashew industry in this province
(e.g., production volumes, key players)? How significant is the cashew sector to the province's
economy and rural development?

Role of government: Could you tell me about the role of government in supporting and
coordinating? Or what government are doing to support cashew industry? Programs, initiatives,
policies, provincial policies in support of cashew nut VN? What kind of support does
MARD/DARD/Government provide to farmers and processors (e.g., training, subsidies,
technical assistance)? Policies/program in cashew sector that had been implemented and future
program?

Value chain structure: Describe key stage and stakeholders of cashew nut value chain in VN
Material flow: what main materials (raw cashew, kernel nut) and waste/by-products flow?
What happen with them? Why?

Challenges & opportunities: challenges and opportunities in the cashew sector development
Future: What are government’ priorities for improving the cashew value chain in the next 5—
10 years?

Data: Are there reports, data, or resources you could share to help map the value chain and
analyze material flows? (production, productivity, yield, import and export data (cashew,

cashew shell oil,...)

Contact information: Could you recommend any specific stakeholders (e.g., processors and
its location, farmer cooperatives, farmers and farming location, exporters) for further

interviews?
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Appendix 7: Primary data collection design

1. Data collection plan on farms

Quantitative information Direct measurements scale
. Farmer Weightof | Weightof | ' centof
Location Inputs | Outputs . wet
number i . Yeild cashew cashew
prices prices . cashew
whole fruit apple

nut

Bu Dang 1 b ¥ b X X ¥

Bu Dang 2 X % X X X ¥

Bu Dang a X % X X X ¥

Bu Dang 4 X ¥ X X X ¥

Bu Dang o X ¥ X X X ¥
Bu Dang G X ¥ X
Bu Dang 7 X kS X
Bu Dang a b ¥ b
Bu Dang 9 b ¥ b
Bu Dang 10 X ¥ X
Bu Dang 11 X % X
Bu Dang 12 X % X
Bu Gia Map 13 X % X
Bu Gia Map 14 X ¥ X
Bu Gia Map 15 X kS X
Bu Gia Map 16 X S X
Bu Gia Map 17 X S X
Bu Gia Map 18 X S X
Bu Gia Map 14 X ¥ X

Fhu Rieng 20 X % X X X ¥

Fhu Rieng 21 X % X X X ¥
Fhu Rieng 22 X % X
Fhu Rieng 23 X ¥ X
Fhu Rieng 24 X ¥ X
Fhu Rieng 25 X ¥ X

Dong Phu 28 X ¥ X X X X

Dong Phu 27 b ¥ b X ¥

Dong Phu 28 X ¥ X X ¥ X
Dong Phu 29 X ¥ X
Dong Phu 30 X % X
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2. Data collection plan at kernel processing facilities

Quantitative information Direct measurements scale
Kernel . .
Location | Processor | Wetnut | Dried | Kernel | CNS | Testa | Weight of | Weight of Vﬁ:z:‘;:f ;”f;ﬁ:;
number prices nut price price price | Price wetnut | dried nut Kkernel kernel
Bu Dang 1 X X % X X % X X
Bu Dang 2 X X X X kS
Bu Dang 3 X % % X X
Bu Dang 4 X X X X X
Bu Dang 5 X X X X kS
Bu Dang 6 X X X X kS
Bu Dang 7 X % % X X
Bu Dang 8 X X X X X
Phuoc Long g X X X X kS
Phuoc Long 10 X X X X X X X X
Phuoc Long 11 X X X X X
Phuoc Long 12 A X % % X
Phuaoc Long 13 X X X X kS
Phuoc Long 14 X % % X X
Phuoc Long 15 A X % % X
Phuoc Long 16 X X X X kS
Dong Xoai 17 X X % X X
Dong Phu 18 X % % % X ¥ % %
3. Data collection plan at CNSL processing facilities
Quantitative information
. CMSL Processor B | | B B
Location number Price of Conversion rate | Price of CNS Price of Price of
CNS CNSto CNSL cake crude CNSL | refined CNSL
Bu Dang 1 X X
Phuoc Long 2 X i
Dong Xoai 3 X A
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Appendix 8: Research ethics approval

9/12/2024

Dear: Hoa Tran

Re: Low Risk Notification - 4000029988 - MAgribusiness - Circularity opportunity of cashew nut value
chain in Vietnam

Thank you for submitting a low risk notification for your research/teaching/evaluation.

This email is to acknowledge receipt of the low risk notification and to inform you that the details of your project
have been recorded in our database for inclusion in the annual reports to the Health Research Council Ethics
Committee (HRCEC) and the Massey University Research Committee (URC).

‘You may proceed with your research, though it is advisable to provide a couple of weeks before commencing,
as all low risk notifications are checked for completeness and clarity by a Research Ethics Advisor. You may be
contacted if your application is incomplete andfor further clarification is required.

The low risk notification for this project is valid for a maximum of three years.

Please notify me if situations subsequently occur which cause you to reconsider your initial ethical analysis.

If a sponsoring organisation, funding authority (e.g., the Health Research Council) or a journal require evidence
of ethical approval from a Human Ethics Committee (with an approval number), you need to complete a full
Massey University Human Ethics application lo be reviewed and approved by one of our Human Ethics
Committees. Applications must be submitted and approved prior to the commencement of the research.

Please note that travel undertaken by students must be approved by the supervisor and the relevant Pro Vice-
Chancellor and be in accordance with the Policy and Procedures for Course-Relaled Student Travel Overseas.
In addition, the supervisor must advise the University's Insurance Officer.

if you have any concerns aboul the conduct of this research that you want to raise with someone other
than the researcher(s), please contact the Research Ethics Office, emall humanethics@massey. ac.nz.

"

Please include the following statement on all public documents (e.g., information sheet, consent form) related to
your project:
This project has been evaluated by peer review and judged to be low risk. Consequently, it has
not been reviewed by one of the University's Human Ethics Committees. The researcher(s)
named above are responsible for the ethical conduct of this research.

If you have any concerns about the ethical conduct of this research that you want fo ralse with
someone other than the researcher(s), please contact Massey University Human Ethics by
email: humanethics@massey.ac.nz.

I wish you all the best in your research, teaching or evaluation activities and appreciate your thoughtful
consideration of ethics principles and practices.

MNga mihi nui,

%@7 {2

Acting Chair, Research Ethics Chair's Committee

Research Ethics, Graduate Research School and Ethics
Massey University, Private Bag 11 222, Palmerston North, 4442, New Zealand
E humanethics@massey.ac.nz; animalethics@massey.ac.nz
www.massey.ac.nz/research/ethics
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Appendix 9: Reference letter and translated reference letter

‘i MASSEY  couEGE

UNIVERSITY |
S TE KUNENGA K rlREHURDA 1 OF SCIENCES
e whianta FITAIAD
UNIVERSITY OF NEW ZEALAND
REFERENCE LETTER
To Whom It May Concern

Subject: Reference Letter for Research on the Cashew Value Chain in Vietnam
Dear Sir/Madam,

This letter serves as a formal introduction for:

Ms Tran Thi My Hoa 1D No: I Student 1D: INNNGN
Major: Master of Agribusiness at Massey University, New Zealand

Ms Hoa is conducting research on the cashew value chain in Vietnam, To successfully conduct this research,
Hoa seeks 1o engage with a variety of stakeholders, including farmers, processors, government agencies, and
industry organizations. We kindly requesl your support in facililating her access to necessary data, interviews,
and introduction to relevant stakeholders within the cashew value chain in Vietnam.

Hoa’s project was evaluated as low risk for human participants. Massey University Ethics Motification
Number: 4000029988, Please be assured that her research will follow strict ethical standards, including

informed consent from participants and all data collected will be handled with strict confidentiality and used
solely for research purposes.

Upon completion of ber research, a report summarizing her findings and insights will be shared with your
organization for reference,

Should you have any questions or require further information, please contact Dr Elena Gamevska
(e.v.gamevska@massey.ac.nz), telephone +6469517794.

We greatly appreciate your cooperation and assistance in supporting this research.
8=hasl of Agrieuliure and Environment

Sincerely, PHdas
[ e
F L P:m %
; pmm

Assoc Professor Elena Gamnevska - Main supervisor

School of Agriculture and Environment | Massey University | Private Bag 11222 | Palmerston
Morth 4442 | New Zealand

E-mail: ¢.v.gamevikafimassev.ac.pzl Phone: +64 6 951 7794

Te Kinenga Schood of Agriculture and Environment
ki POrehuroa Privaia Bag 11222, Palmersion North 4442, New Zealand, T +64 6 356 9009, contachBmassev AONZ Massey ac.raisg
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T COLLEGE
& Y OF SCIENCES
VST G ey TE WAMANGA FOTAIAG

3

THU GIOI THIEU
Kinh giri: 8¢ Nong Nghiép va Phit trién Néng thén Tinh Binb Phunic

Viv: Thur gidi thi§u nghién ciru vé Chudi gid tri hat didu tai Vigt Nam

Trwémg Bai Hoe Massey, New Zealand xin trdn trong gidi thiéu:

Sinh vién: Trin Thi My Hoa  cccp: [ mssv: I

Chuyén nginh: Thyc si Kinh doanh néng nghiép tai Pai hpe Massey

Hoa dang ti€n hanh nghién cim v nganh hat diéu tai Viét Nam. D& tién hanh thinh céng nghién ciru ny,
Hoa tim cich tifp cin nhidu béa lién quen, bao gom néng dén, nha ché hién, co quan chinh phi va clc 14
chirc trong ngnh. Ching 18i rit mong nhin dwoe sy b3 trg clia Quy S& trong viéc tao diéu kién cho Hoa tifp
oéin dir liéu, phong vin va gidi thiéy Hoa véi cac bén lién quan cé lién quan trong chudi gid trj hat didu tai
Vigt Nam. )

Dy én ciia Hoa duge dénh gid 14 c6 i ro thip déi véi ngudi tham gia, 84 thong bao v dao dirc tai Pai hoc
Massey: 4000029988, Xin iy yén tdm ring nghién cim cila c6 &y s tuin theo céc tida chudn dao dirc nghiém
ngit, bao gém cd sy ddng ¥ c6 hidu biét tir nhimg ngwiri tham gia vé tit cd di ligu thu thip duge s& duge xir
1y wéi tinh bao mil nghiém ngit va chi duge sir dyung cho mue dich nghién cim.

Sau khi hodn thanh nghién ciru, m{t bio co tém tit cic phat hign, két qui nghién cim va cdc khuyén nghj s&
dugre giri dén Quy o quan dé tham khilo,

Néu ban c6 bét ky ciu héi ndo hofic yéu clu them thing tin, vui long lién hé véi Tién sT Elena Gamevska
(e.v.garnevska@massey.ac.nz), dién thogi +6469517794.

Kinh mong Quy don vi tao didu kién va gitip do sinh vién Truémg dat két qud tét.
mymumﬂumg,mimcimunmhsw,dm;gdpmmpmnvjmwnghiepgm dyc va ddo tao

cia nhi troéimg,

School of Agriculture and Envirenment
PN433

Tréin trong cdm on! e
Massey University
s _ Private Bag 11 222
g a g ‘ Paimerston North

Mew Fealand
Phé Gifio st Elena Garnevska - Gidm sét vién chink
Ehoa Nong nghiép va Moi tririmg | Dai hoe Massey | Private Bag 11222 | Palmersion North 4442 | New
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Appendix 10: Participant consent form

A2 MASSEY

UNIVERSITY
u TE KUNENGA KI PUREHUROA

UNIVERSITY OF NEW ZEALAND

CONSENT FORM

INTRODUCTION

Good day! We am conducting research to explore the circularity opportunities in the cashew nut value
chain in Vietnam. The interview is aimed to understand current practices in cashew from farming to
processing, map cashew nut value chain along with its stakeholders, how materials are used.

As a semi-structured interview, it will take an estimated 45 - 60 minutes. We would deeply appreciate
your participation in this research and would like to seek your permission. Rest assured that the
mformation you will provide will be treated with utmost care and confidentiality and no individual
name or company name will reflect in report. If at any point you feel uncomfortable answering some
questions, you are free to discontinue the interview. Thank you very much.

INFORMATION AND RECORD CONSENT

I voluntarily consent to participate in this study and agree to have the interview audio recorded. I
authorize the use of any information I provide in this survey to be included in the research, writing,

and publication of its findings.

Name and Signature
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Appendix 11: Translated participant consent form

A2 MASSEY

UNIVERSITY
u TE RUNENGA KI PUREHUROA

UNIVERSITY OF NEW ZEALAND

PHIEU DONG Y
GIOI THIEU

Chao ban! Ching t6i dang tién hanh nghién ctru dé kham pha cac co héi tuin hoan trong chudi gia tri
hat diéu tai Viét Nam. Muc dich cta cude phong van 13 tim hiéu céc hoat dong hién tai trong linh vye
diéu, tir khau trﬁ"mg trot dén ché bién, lap ban db chudi gia tr1 hat diéu cimg van cac bén lién quan, va
cach thire str dung nguyén liéu.

La mét cude phéng van ban cau triie, cude phong van s& mat khoang 45 - 60 phit. Ching toi rat tran
trong sy tham gia ciia ban vio nghién ctru nay va mong muén nhan duge sw cho phép cia ban. Xin
hay yén tim ring théng tin ban cung cép sé duoe xit 1y hét sirc can than va bao mat, va khéng co tén
ca nhan hojc tén céng ty nao duoc phan anh trong bo cdo. Néu ban cam thay khéng thoai mai khi tra
161 mét s6 cau hot, ban 6 thé dimg cude phong van. Xin chén thanh cam on.

THONG TIN VA PONG Y GHI AM
Tbi ty nguyén déng ¥ tham gia nghién et nay va déng ¥ cho ghi &m cude phéng van. Tai déng ¥ cho

phép sit dung bat ky théng tin nao téi cung cap trong khao sat nay dé phuc vu cho viée nghién e,
viét va xuat ban cac két qua nghién e

Ho va ten va chir ky
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