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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 
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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 CO2 (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 
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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. �9�L�H�W�Q�D�P�¶�V���Ney 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. 
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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. 

 

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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2.6.4 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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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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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. 

Akyüz 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; Akyüz 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; Akyüz 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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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; Köhler 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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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; Diéguez-

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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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 km² 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 

 
(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: 

�x The Statistical Yearbooks of the General Statistics Office of Vietnam (GSO, 2023, 

2024) and the Binh Phuoc Provincial Statistics Office (BP GSO, 2024). 

�x Publications and internal reports from the Department of Agriculture and Rural 

Development of Binh Phuoc Province and Binh Phuoc Cashew Association. 
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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. 

o Procedure: For each identified variety, whole fruits were collected, and a sample 

mass of approximately 2 kg was weighed using a 5kg-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.  

o 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. 

�x 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: 

�ƒ 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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Table 4.2. Data collection design for semi-structured interviews 

 
 

 
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�¶���G�H�V�F�U�L�S�W�L�Y�H 

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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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. 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. 

 

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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Processors also visually inspect the nuts during drying, removing defective ones. However, 

immediate processing is not recommended. A processor explained: �³�'�U�L�H�G���F�D�V�K�H�Z�V�� �D�U�H�� �Q�R�W��

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 

�S�U�R�F�H�V�V�L�Q�J���´ 

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 c) 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 5.4. Cashew nut processing  
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Figure 5.5. a) raw dried cashew nuts b) peeled cashew nuts c) 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. 

 

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 5.17.  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: �³�:�H��

�P�D�L�Q�O�\�� �X�V�H�� �F�D�V�K�H�Z�� �Z�R�R�G�� �D�Q�G�� �R�W�K�H�U�� �Z�R�R�G�V�� �E�H�F�D�X�V�H�� �L�W�� �L�V�� �W�K�H�� �F�K�H�D�S�H�V�W�� �R�S�W�L�R�Q���� �:�H�� �G�R�Q�¶�W�� �X�V�H��

cashew shells because we can sell them at 4,000 VND per kilogram, while we can buy cashew 

�Z�R�R�G���I�R�U���M�X�V�W�����������9�1�'���S�H�U���N�L�O�R�J�U�D�P���´ 
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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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Figure 5.19.  Cashew value chain in Vietnam (percentage shows the input and output flows as a proportion of material flows in the chain upstream (red 

lines) and downstream (blue lines) of the processor)





 

72 

 

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: �³�%�D�F�N���L�Q���W�K�H�����������V����

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�í a high-

value, shade-�O�R�Y�L�Q�J���F�U�R�S���´ 

 

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 






































































































































































