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Objective: Circular economy is an international approach that relies on
ecology and closed-loop economic systems. In this model, companies are
required to optimize the use of resources in their processes and along the
production and supply chain. The aim of this paper is to identify opportunities
for improving the circular economy within the pistachio agricultural supply
chain in Kerman Province.

Method: This research was conducted using a fieldwork approach from the
year 2022 to 2024. First, stakeholders were identified in order to determine the
relevant network relationships. The process of circular economy production was
specified based on expert opinions across different sections of the pistachio
value chain. Key variables were determined and evaluated based on scientific
documentation. Subsequently, the weight of each dimension was calculated
using the Analytic Hierarchy Process (AHP). CEL (Circular Economy Level)
variables were computed to assess the level of circular economy within the
supply chain. Statistical tests such as the Kruskal-Wallis test and clustering
methods were also employed throughout the research process.

Results: The results showed that the material sourcing, design section,
distribution and sales section, and the remanufacturing section have the most
deficiencies in the supply chain. Using clustering methods, three clusters were
identified, with the third cluster recognized as having superior performance
across different dimensions. Finally, it was determined that employees'
performance in terms of CEL (Circular Economy Level) is not dependent on
the specific link of the chain in which the employee is located, indicating that
the strategy designed for the entire supply chain is coherent and logical.

Conclusion: To improve efficiency and productivity in the pistachio value chain,
it is recommended that optimal use be made of the by-products generated in the
pistachio production system. The proposed strategy includes value-adding
processes such as the production of organic fertilizers, biofuels, growing
substrates, animal feed, and hygienic and cosmetic products. Implementing these
approaches within the framework of a circular economy (CE) can significantly
contribute to waste reduction and increased added value, ultimately leading to
sustainable and economic development in the Kerman region.
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Introduction

The circular economy model helps tackle key global challenges, including biodiversity loss,
resource depletion, water scarcity, and environmental degradation. This approach demands
collaboration and innovation across industries and stakeholders (Boulding, 1966 & Pearce & Turner,
1990) and focuses on efficient resource utilization while ensuring natural resource preservation and
enhancement. The model emphasizes waste-free design, flexibility improvements, renewable energy
integration, and systematic thinking to drive sustainability. Additionally, it incorporates material
management and design, standard certifications, data exchange, product lifecycle management, and
environmental and economic impact assessments. These principles act as guidelines for evaluating
and applying circular economy strategies in businesses and supply chains, ultimately improving
sustainability and reducing environmental damage across industries. The pistachio production chain
in Kerman Province holds significant economic and export value, contributing approximately $1
billion annually to the international market and providing employment for around 1 million people,
both permanently and seasonally, across related sectors. Pistachio cultivation in Iran spans 500,000
hectares across 28 provinces, with Kerman accounting for 250,000 hectares, which constitutes around
60% of the province’s orchards. Globally, Iran and the United States dominate pistachio supply,
controlling around 95% of the market, while Turkey, Spain, Italy, China, Syria, and Morocco
collectively account for the remaining 5%. Despite its significance, the average pistachio yield per
hectare in Kerman is approximately 1 ton, significantly lower than the 3.4 tons per hectare produced
in the United States. The most commercially valuable pistachio varieties in Kerman Province include
Fandoghi (40%), Kalleh Ghouchi (20%), Akbari (15%), and Ahmad Aghaei (12%). Annual pistachio
production in Kerman varies between 80,000 and 200,000 tons, depending on climatic conditions,
with an average annual output of 170,000 tons. Approximately 80% of the pistachios produced in
Kerman are exported, while only 5% are utilized in processing industries, such as food products,
cosmetics, hygiene items, and chemical products. Regarding pistachio production, research has
primarily covered pests, diseases, and alternate bearing; however, comprehensive studies on value
chains to enhance economic competitiveness are lacking. This gap has resulted in reduced income,
increased raw product sales, and a weak processing and consumption culture in export activities,
employment, and tourism. This study applies operational programs that align with circular economy
frameworks to pistachio production and related industries in Kerman province. The primary objective
is to identify existing challenges and propose a sustainable model to strengthen pistachio value chains
based on circular economy principles. Key factors influencing progress in the circular economy were
identified for the agri-food supply chain, and this research was conducted on the pistachio agri-food
chain in Kerman province from 2022 to 2024.

Method

This study began by identifying stakeholders to assess relationships within relevant networks.
The circular economy (CE) production process was developed based on the opinions of experts
in agriculture, industry, exports, and scientific research. The main research criteria were
established using conceptual and scientific documentation, leading to the collection and
evaluation of 91 cases by 16 subject matter experts. The defined variables include source or
supply of materials, design, production, economic rotation, distribution and sales, use and
consumption, recycling, regeneration, and sustainability. Each of these variables contains
specific sub-criteria, ensuring efficiency improvements and waste reduction across various
processes. To determine the specific weight of each dimension (CEL), the Analytic Hierarchy
Process (AHP) was applied, utilizing a comparative scale from 1 to 9 for pairwise comparisons
and prioritization of criteria. Additionally, the nominal variable Ckj was introduced to categorize
actors in section j into distinct clusters. A hierarchical method was employed to establish the
status of the 91 variables across different clusters. The Kruskal-Wallis test was conducted to
examine median differences across multiple populations, while the Chi-Square test assessed
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relationships between nominal variables. The core hypothesis of this research suggests that the
economic link to which actors belong influences the circular economy level (CELj). The findings
were analyzed through various statistical methods to develop strategies for enhancing competition
within the pistachio value chain and promoting the circular economy.

Results

The results indicate that descriptive statistics for the CEL variable play a crucial role in assessing
the level of circular economy within the supply chain. The average CEL value of 1.97 reflects a
relatively low circular economy level, while the median value of 2.12 and standard deviation of 2.10
demonstrate high variability among samples, with minimum and maximum CEL values of 1 and
3.59, respectively. Statistical analysis found no significant differences between the mean ranks of
the four clusters—suppliers, producers, converters, and marketing & sales—confirmed by the sigma
value (0.887). Using hierarchical methods and k-means clustering, the study identified three primary
clusters: suppliers, designers, and manufacturers. Table 5 presents changes in various variables
across these clusters, showing that suppliers exhibited the highest changes at the cluster center,
whereas manufacturers demonstrated the least. Moreover, performance differences among the
clusters were found to be significant, and adjusting the K value proved influential, leading to rapid
convergence in the third iteration. Overall, these findings help identify strengths and weaknesses
within each cluster, offering insights for improving processes in the pistachio agri-food chain. Some
of the variables with the most deficiencies included source or material supply (average 1.68),
distribution and sales sector (average 1.71), reconstruction sector (average 1.74), and design sector
(average 1.87).The overall CEL for the agricultural-food chain was calculated as 2.12, indicating a
low circular economy level. Raw material supply, sales chain, usage and consumption, recycling,
reconstruction, and design ranked low, while manufacturing, business cycle, and sustainability were
evaluated at a moderate level. This analysis provides valuable insights into the current state of the
agricultural-food supply chain for pistachios, highlighting key areas for improvement and offering
strategic directions to enhance circular economy practices in this sector.

Conclusions

To enhance the circular economy in the pistachio supply chain, it is crucial to focus on innovation
and research & development (R&D). The integration of advanced technologies in agriculture and
supply chain management can boost efficiency and reduce waste. Investment in R&D to discover
optimized sourcing methods and product design within the framework of the circular economy is
highly valuable. Furthermore, collaborating with research institutions and universities can help
identify and implement effective processing techniques, aligning with studies by Wang et al. (2016)
and Chen & Li (2017), which highlight the positive impact of technological advancements on
efficiency and circular economy expansion. Improving distribution and sales systems requires
attention to transportation, storage, local markets, direct sales, and appropriate packaging. The
development of recycling systems and financial support for producers and consumers plays a crucial
role in reducing pollution and promoting sustainability. These approaches are consistent with Dora
etal. (2021), whose findings indicate that strengthening stakeholder relationships and refining waste
valuation can enhance added value while minimizing environmental impact. Pistachio waste
contains bioactive compounds beneficial for skincare, which can be utilized in cosmetic and other
high-value products. Recycling this waste and converting it into valuable products, supported by
financial and educational initiatives, can enhance sustainability and efficiency. This approach aligns
with the findings of Awan et al. (2020), which demonstrate that food waste can be repurposed into
high-value products, such as cosmetics, within the value chain. Given the high-water consumption
in agriculture in Kerman Province and the importance of clean and renewable energy, it is
recommended to implement modern irrigation systems and water recycling practices to conserve
resources. Additionally, solar energy utilization, considering the province’s abundant sunshine, can
reduce dependence on fossil fuels and lower environmental pollution. By raising awareness and
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fostering collaboration among stakeholders—from farmers and producers to end consumers—waste
reduction, improved efficiency, and enhanced environmental sustainability can be achieved. To
advance the circular economy in the pistachio supply chain, increased investment in cutting-edge
technologies is necessary to enhance productivity and minimize costs. Expanding export markets
and securing access to international markets can further increase the added value of pistachio
products. Offering low-interest loans and financial incentives to farmers and producers for
infrastructure development and process optimization plays a significant role in strengthening the
supply chain. Supporting pistachio waste recycling initiatives and high-value product manufacturing
through financial subsidies can promote sustainability and minimize waste. Additionally,
investment in improved packaging and advanced transportation systems aids in reducing waste and
extending pistachio product shelf life. Considering the findings that reveal low levels and high
variability in the circular economy within the pistachio supply chain, policymakers should focus on
enhancing recycling and material recovery technologies. Utilizing emerging technologies can
optimize production processes and reduce waste. Furthermore, investing in research and
development, launching educational and awareness programs, and providing financial support to
encourage material recovery and recycling is essential. Developing supportive regulations that
promote clean and renewable energy usage can enhance circular economy performance in the
pistachio supply chain, lower waste levels, improve efficiency, and reinforce environmental
sustainability. Efforts to improve coordination and standardize production and distribution processes
across all clusters, refine raw material quality, optimize manufacturing operations, upgrade
distribution systems, and strengthen recycling and recovery practices can also advance the circular
economy within the pistachio supply chain. Designing and implementing comprehensive
improvement and standardization programs for each cluster, conducting hands-on workshops, and
establishing an ongoing monitoring and evaluation system will improve process quality and
efficiency, leading to increased productivity and reduced waste.
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