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[bookmark: _Hlk13966812]Abstract
This research aims to develop a sustainable egg supply chain model through the application of Green Supply Chain Management (GSCM). The research method used is qualitative with a literature study approach, through analysis of various relevant national and international journals. The results of the study show that the main dimensions of GSCM that affect the sustainability of the egg supply chain include green purchasing, green manufacturing, green distribution, reverse logistics, and green collaboration. The application of this concept is able to reduce production waste, reduce carbon emissions, increase cost efficiency, and strengthen the competitiveness of egg products in the market. The resulting conceptual model describes a circular supply chain system, where waste and production by-products can be reused as new inputs in the production process. Thus, GSCM is not only oriented towards economic efficiency, but also supports environmental and social sustainability in an integrated manner. This study recommends the importance of collaboration between farmers, distributors, and the government in strengthening the implementation of green supply chains in the egg agribusiness sector.
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1. Introduction
Eggs as a food commodity have an important role in fulfilling community nutrition. In Indonesia, egg consumption continues to increase as the population grows and awareness of the importance of animal protein [1]. However, this growth brings with it a major challenge in terms of environmental sustainability and supply chain efficiency. The egg supply chain (from farmers, collection, packaging, distribution, to consumers) involves many stages and parties. Each stage has the potential to produce waste, emissions, and high use of resources such as energy, water, feed, as well as the use of plastics or packaging materials that are not environmentally friendly. On the other hand, environmental issues and regulations are starting to get stricter. Consumers are increasingly concerned about product origin, environmental impact, safety, and transparency. The government has also begun to encourage environmentally friendly practices in the agribusiness and food sectors. Green Supply Chain Management (GSCM) emerged as a strategic approach to integrate sustainability aspects into every process in the supply chain: from raw material selection, production, distribution, to waste management or recycling [2]. GSCM not only focuses on economic efficiency but also reduces environmental impact and supports social performance. Several studies in Indonesia have examined the application of GSCM in various sectors: the manufacturing industry, food, MSMEs, and agribusiness. For example, the study "Green Supply Chain Management: A Literature Review about the Phenomenon in Indonesia" shows that the adoption of GSCM can bring benefits such as cost savings, improved corporate image, and reduced environmental impact, despite challenges such as initial costs, coordination between stakeholders, and low awareness [3].  For the egg sector in particular, research such as "Implementation of Green Supply Chain Management for Chicken Egg Supply Using the Fuzzy AHP Method" in Bogor shows that there are priority criteria in the implementation of GSCM, such as top management support, a clean market environment, and a monitoring system related to the arrival and distribution of eggs in the market [4].  The article emphasizes that the market (in the context of Kemang, Bogor) has not fully paid attention to the environmental aspects of the egg supply chain — especially in egg packaging, distribution, and storage. The environmental conditions of the market, egg quality, and cleanliness are important concerns.  This is a signal that a sustainable egg supply chain model is not optimal in many regions. There is a great opportunity to design a model that incorporates GSCM practices to make the egg supply chain environmentally friendly while being efficient and sustainable. However, in order to design such a model, it is necessary to first understand the relevant elements of GSCM in the context of eggs: green purchasing (e.g. selection of feed, containers, packaging materials), green manufacturing (farming, egg processing), green distribution (transportation, storage at the appropriate temperature, packaging), reverse logistics or waste management (egg shells, plastic containers, feed waste). In addition to the technical/operational elements, the managerial aspect is also very important. Support from top management, government regulations, local regulations, and incentive policies will greatly influence the success of GSCM implementation. In other GSCM studies in Indonesia, management and regulatory support was proven to be a key factor [5]. 
Challenges that often arise include: implementation costs (especially initial investment for temperature storage, eco-friendly packaging, monitoring systems), coordination between parties (farmers, distributors, retailers), lack of infrastructure such as adequate cooling systems or waste treatment facilities, and lack of knowledge or awareness of environmental issues [4].  There are also egg-specific issues: damage to eggs during distribution due to suboptimal storage conditions; the use of packaging materials that are not environmentally friendly; the use of single-use plastics; pollution due to livestock waste (manure, feed waste); as well as carbon emissions from inefficient transportation. From an economic point of view, farmers and distributors fear that "green" efforts will increase costs and lower margins. However, research shows that in the long run, the implementation of GSCM can bring savings (energy, fuel, waste), improved image, consumer satisfaction, and competitiveness [6]. Socially, a sustainable egg supply chain also has the potential to bring benefits: improving the health and safety of egg products; improving the welfare of farmers with cleaner and safer practices; creating new jobs in waste treatment, recycling, and eco-friendly packaging. The natural environment will also benefit: waste reduction, reduction of greenhouse gas emissions and odors from farms; reduction of water and soil pollution from sewage and feed waste; more efficient use of natural resources (such as water and energy).
To support the design of the model, empirical data is important: identification of parties in the egg supply chain (layer and broiler egg breeders, collectors, wholesalers, retailers, traditional markets, supermarkets), distribution structure (how many stages and distances of distribution), types of packaging used, types of transportation, storage conditions, and related regulations [7]. It also needs data on costs, egg spoilage, waste, emissions, and consumer preferences for "green" products. In a number of other GSCM studies in Indonesia, performance measurement models often use indicators such as green purchasing, green manufacturing, green distribution, reverse logistics, eco-design, collaboration between parties in the supply chain, technological innovation, and environmental awareness [8].  For example, research on green supply chain measurement in broiler chicken MSMEs and chicken distribution in Serang Raya shows that although small businesses have limitations, some basic practices already exist, but have not yet reached effective waste management or reverse logistics [9]. 
Egg supply chain optimization has also been studied in terms of food supply chain network, market structure, marketing margins, and farmer's share, such as in the study "Optimization of CV Jogja Telor's Supply Chain Management with Food Supply Chain Network (FSCN) Approach" which found that efficient distribution channels show farmers getting a larger share of the selling price and distribution costs [10].  However, the FSCN study has not included in depth the environmental and sustainability aspects (e.g., emissions, waste, eco-friendly packaging) that GSCM focuses on. This means that there is still a research gap: there is a need for integration between economic efficiency and environmental sustainability in the egg supply chain. In addition, consumer preferences for egg products are also starting to shift in a more "green" direction. Consumers are increasingly paying attention to aspects such as environmentally friendly packaging, traceability, food safety, and transparency in environmental and production aspects. This provides an opportunity that a sustainable egg supply chain model has high business value if communicated well.
Government regulations and policies can support or hinder it. Regulations related to food safety, chicken production standards, livestock waste, plastic use, gas emissions, tax incentives or subsidies for environmentally friendly technologies, and waste treatment are important parts of the institutional framework. In many GSCM studies, environmental regulations and policies are cited as supporting factors that greatly influence the success of implementation [11].  Technology also plays an important role, such as innovations in packaging, low-temperature storage (cold chain), egg quality monitoring (sensors), efficient distribution systems, and digital applications for tracking systems [12]. This innovation could be a catalyst in reducing post-harvest loss and egg spoilage. Taking into account all these factors, this study aims to design a sustainable egg supply chain model with the GSCM approach, which integrates technical, managerial, economic, and environmental elements, in order to produce an efficient, environmentally friendly, safe, and sustainable supply chain. This model is expected to provide benefits: for farmers and supply chain actors, in the form of reduced losses and costs; for consumers, in the form of quality and safe egg products; for the environment, in the form of reducing waste and emissions, and for policymakers, as a reference for regulations and supporting interventions.

2. Research Methods
2. 1. Research Approach
This study uses a descriptive qualitative approach with a library research method [13]. The qualitative approach was chosen because this study focuses on exploring concepts, theories, and empirical findings related to the application of Green Supply Chain Management (GSCM) in the egg supply chain, as well as how a sustainable supply chain model can be formulated based on the results of relevant literature analysis. This approach allows researchers to understand phenomena in depth from conceptual and theoretical perspectives without conducting direct field data collection.

2. 2. Types and Sources of Data
The data used in this study is secondary data, which is obtained through the collection of various scientific and academic sources. These data sources include:
1. National and international scientific journals that discuss the topic of egg supply chain, sustainable agribusiness, and the implementation of Green Supply Chain Management in the food or livestock sector.
1. Scientific books and monographs relevant to supply chain management, sustainability, and innovation in the agriculture and livestock sectors.
1. Research reports, conference proceedings, and public policy documents published by academic institutions, ministries, and international organizations such as FAO, UNEP, and the World Bank.
1. Conceptual articles and previous research results that examine the factors, indicators, and conceptual models of the application of GSCM in the food product supply chain.

2. 3. Data Collection Techniques
Data collection is carried out by the literature documentation method, namely searching, identifying, and collecting relevant scientific materials through academic databases such as Google Scholar, Scopus, ScienceDirect, ResearchGate, DOAJ, and Garuda (Garba Reference Digital) [14].
The literature criteria used include:
· Published between 2015–2025 to be relevant to the current context,
· Discussing topics related to GSCM, supply chain sustainability, egg agribusiness, or food supply chain model,
· Contains empirical research results or conceptual frameworks that can be used to build new conceptual models.
Each source obtained was then selected based on the relevance, credibility, and depth of discussion of the research theme.

2. 4. Data Analysis Techniques
Data analysis was carried out in a qualitative descriptive manner with a content analysis approach [15]. The analysis steps are carried out as follows:
1. Identify key concepts and variables from the literature related to GSCM, supply chain sustainability, and egg supply chains;
1. Classification of information based on the main dimensions of Green Supply Chain Management, namely:
0. Green Sourcing,
0. Green Manufacturing (environmentally friendly production),
0. Green Distribution (environmentally friendly distribution and transportation),
0. Reverse Logistics (waste management and recycling), and
0. Green Collaboration (collaboration between stakeholders in the supply chain).
1. Synthesize theories and empirical findings from a variety of sources to find patterns, similarities, and differences between studies.
1. The formulation of a conceptual model, namely building a framework for relationships between elements in the sustainable egg supply chain based on the GSCM principle.
1. Conceptual validation is carried out by comparing the results of the synthesis with existing theories and models, to ensure the consistency and relevance of the developed model.

2. 5. Data Validity Techniques
To ensure the validity and credibility of the analysis results, this study uses the triangulation technique of sources and theories. Triangulation is carried out by comparing and verifying information from various sources of the literature (national and international), as well as reviewing the main theories underlying the concept of Green Supply Chain Management, such as sustainability theory, environmental management, and supply chain efficiency. In addition, the validity of the data is also strengthened by peer debriefing, which is to examine the results of the synthesis with academic standards and views from relevant previous research.

2. 6. Research Procedure
The research procedure is carried out through several systematic stages, namely:
1. The Preparation Stage, which is to determine the topic and focus of the research and identify the keywords of the literature search.
1. The Data Collection Stage, which is to access various sources of academic literature that are relevant to the research theme.
1. Data Reduction Stage, which is to select data according to inclusion and exclusion criteria.
1. The Analysis and Synthesis stage, which is to outline the results of the study and integrate it into a conceptual model of a sustainable egg supply chain based on GSCM.
1. The Conclusion Drawing Stage, which is to formulate the final result in the form of a conceptual model that describes the relationship between the main variables and their contribution to the sustainability of the egg supply chain.

2. 7. Expected End Result
Through a qualitative method with this literature study, the expected result is a conceptual model of a sustainable egg supply chain based on GSCM that explains the linkage between key factors such as economic efficiency, environmental sustainability, and social responsibility in the egg supply chain system. This model is expected to be a theoretical foundation for further research that can be empirically tested at the level of an industry or specific region.

3. Research Results
3.1.  Overview of Egg Supply Chain and Sustainability Issues
Based on the results of a review of 25 national and international journals that discuss supply chain management and the sustainability of food products, it is known that the egg supply chain still faces a number of main challenges. These challenges include high product damage during distribution, the use of packaging materials that are not environmentally friendly, livestock waste that has not been managed properly, and low energy and transportation efficiency. Studies from [16] and [17] shows that the egg supply chain in Indonesia tends to be cost-efficient without considering environmental impacts. Meanwhile, the practice of Green Supply Chain Management (GSCM) can integrate economic, social, and environmental aspects to form a more sustainable system.

3.2.  Dimensions of Green Supply Chain Management in the Egg Supply Chain
Based on the results of the literature synthesis, five key dimensions of GSCM were identified as important elements in the design of sustainable egg supply chain models, namely:











Table 1 Results of GSCM Main Five-Dimensional Literature Synthesis
	Yes
	GSCM Dimensions
	Conceptual Description
	Implementation in the Egg Supply Chain
	Source

	1
	Green Purchasing
	Environmentally friendly selection of production materials and inputs
	Procurement of organic feed, recycled packaging materials, and alternative energy use on farms
	[4],[16]
(Barua, 2024); (Hidayat et al., 2023)

	2
	Green Manufacturing
	Production processes that minimize waste and emissions
	Chicken manure waste management for fertilizer, energy-efficient ventilation systems, and water efficiency
	[17]
(Ismiraj et al., 2024); 

	3
	Green Distribution
	Efficient distribution that reduces pollution and product loss
	Use of fuel-efficient vehicles, optimal distribution routes, and eco-friendly packaging
	[18]
(Nurjannah et al., 2024)

	4
	Reverse Logistics
	Waste return and management from the rest of the supply chain
	The use of egg shells for animal feed or fertilizer, as well as the recycling of plastic containers
	[8],[19]
(Taha et al., 2022), (Hasibuan et al., 2025)

	5
	Green Collaboration
	Collaboration between stakeholders to support sustainability
	Cooperation between farmers, distributors, and the government in "green product" certification
	[4]
(Hidayat et al., 2023)



The analysis shows that of the five dimensions, the Green Manufacturing and Green Distribution aspects have the most dominant influence on the efficiency of the egg supply chain, while Green Collaboration is the main driving factor in ensuring long-term sustainability.

3.3.  Synthesis of Literature Review Results
Qualitative analysis shows that most previous studies have stated that the implementation of GSCM in the egg supply chain faces constraints in three main aspects:
1. Limited supporting infrastructure, such as cold storage facilities and environmentally friendly packaging systems;
1. Lack of awareness of supply chain actors, especially small-scale farmers, on the importance of environmental sustainability;
1. There is no specific national policy and standard that encourages the implementation of GSCM practices in the egg sector.
However, on the other hand, there are also great opportunities in the form of increasing consumer demand for safe and environmentally friendly egg products, as well as regional initiatives to develop a green product certification system (eco-labeling) in the agribusiness sector.

3.4.  Results of Conceptual Synthesis of Sustainable Egg Supply Chain Model
Based on the results of grouping findings from various literature, the following conceptual models were obtained:

Table 2 Results of grouping findings from various literature
	Model Components
	Key Indicators
	Impact on Sustainability

	Input
	Green purchasing, resource efficiency, feed material selection and packaging
	Reduce raw material costs and waste

	Process
	Green manufacturing, energy management, livestock waste treatment
	Lower emissions, increase productivity

	Distribution
	Eco-friendly transportation, cold logistics system
	Reduce product loss and carbon emissions

	Output
	Egg products are eco-friendly, traceable, and sustainable packaging
	Increase resale value and consumer satisfaction

	Reverse Logistics
	Waste utilization and recycling
	Reduces pollution and disposal costs

	Managerial and Collaborative Support
	Cross-sectoral cooperation, regulation, education
	Ensure continuity of GSCM implementation


The results of this synthesis show that the sustainability of the egg supply chain can be achieved if all components from procurement to waste management are systematically integrated within the framework of GSCM.

3.5.  Conceptual Model of a Sustainable Egg Supply Chain Based on GSCM
Conceptually, the results of this study produce the following integrative model:
Green Supply Chain Model for Sustainable Egg Supply:
1. Green Input (feed, energy, packaging) →
1. Green Process (waste production and treatment) →
1. Green Distribution (efficient transportation and storage) →
1. Reverse Logistics (egg shell recycling & processing) →
1. Green Collaboration (synergy of farmers, distributors, and the government)
This model is circular, where production waste can be reprocessed into inputs (such as organic fertilizers or alternative feeds), thus creating an efficient and environmentally friendly closed-loop supply chain.

3.6.  Interpretation of Results
The results of the analysis show that the application of GSCM in the egg supply chain has the potential:
· Reduces organic waste by 30–40%,
· Reduces carbon emissions from transportation by up to 20%,
· Increase logistics cost efficiency by up to 15%, and
· Increasing the competitiveness of egg products through the image of "green products" in the market.

4. Discussion
4.1. Integration of Green Supply Chain Management Principles in the Egg Supply Chain
The results of the study show that the application of the principle of Green Supply Chain Management (GSCM) in the egg supply chain is able to improve the efficiency of the distribution system and reduce the resulting environmental impact. These findings are in line with the theory [20] in the International Journal of Management Reviews which explains that GSCM is the integration of environmentally friendly activities into all stages of the supply chain starting from product design, raw material procurement, production process, distribution, to waste management. In the context of the egg supply chain, this principle can be applied through the procurement of more natural feed, the efficient use of energy in the cage, and recyclable packaging. Research by [16] supporting this, by stating that the application of the green concept in the egg agribusiness sector can reduce carbon emissions by up to 20% and reduce energy and transportation costs by 15%.

4.2. The Role of Green Purchasing in Efficiency and Sustainability
The results of the literature review show that the green purchasing stage is the initial foundation in building a sustainable egg supply chain. The selection of feed materials and packaging materials that are environmentally friendly can reduce the carbon footprint and residual waste. This is supported by research [21] in the Journal of Cleaner Production, which explains that green purchasing contributes greatly to reducing emissions and improving resource efficiency. In a local context, research by [4] about "Implementation of Green Supply Chain Management for Chicken Egg Supply in Bogor" shows that the procurement of raw materials by considering environmental aspects, such as organic feed and biodegradable containers, can extend the shelf life of eggs and reduce packaging costs by up to 10%. This means that green procurement practices not only have an impact on the environment, but also provide long-term economic benefits.

4.3. Green Manufacturing as a Dominant Factor in the Sustainability of Egg Production
The findings of this study show that the green manufacturing aspect is the most dominant factor in efforts to create a sustainable egg supply chain. Energy-efficient production processes, economical use of water, and management of livestock waste are key indicators of success. This is in accordance with the theory [22] in the Academy of Management Annals, which affirms that green production practices can improve a company's competitiveness through innovation and operational efficiency. Research [23] shows that farms that implement energy-efficient ventilation systems and process chicken manure waste into organic fertilizer are able to reduce operational costs by 18% and reduce local air pollution. However, green manufacturing is not only relevant for large industries, but can also be effectively applied to small and medium enterprises (SMEs) in the egg farming sector.

4.4. Green Distribution and Logistics Efficiency
Distribution is one of the most crucial stages in the egg supply chain due to the perishable nature of the product. Based on the results of the study, the implementation of green distribution through optimization of delivery routes, the use of fuel-efficient vehicles, and low-temperature storage systems (cold chain) is able to reduce product damage and carbon emissions. These results support the findings [18] using the Food Supply Chain Network (FSCN) approach and found that the efficiency of distribution channels can increase farmers' income share by up to 25%. Moreover [24] also reports that transportation optimization in the context of GSCM lowers fuel consumption by up to 12% and speeds up distribution times. By adopting the concept of eco-logistics, the egg supply chain can achieve a balance between distribution speed, product quality, and environmental efficiency.

4.5. The Importance of Reverse Logistics in Waste Management
Reverse logistics plays an important role in creating a closed-loop supply chain. Based on the results of the study, waste management practices such as the use of eggshells as raw materials for poultry feed or organic fertilizers have great potential in supporting the sustainability of the supply chain. Research [19] shows that eggshell waste treatment can reduce the volume of organic waste by up to 40% and reduce waste disposal costs by 25%. This theory is reinforced by [25] which confirms that the integration of reverse logistics into the supply chain will extend the life of materials and lower the total cost of operations. Thus, reverse logistics is not only an environmental strategy, but also provides economic added value for business actors.

4.6. Green Collaboration and the Role of Stakeholders
From the results of the analysis, the aspect of collaboration is an important pillar in the implementation of GSCM in the egg sector. Collaboration across breeders, collectors, distributors, local governments, and consumers determines the success of sustainable programs. This is in line with the theory [26] in the International Journal of Production Economics which states that green collaboration strengthens environmental innovation and lowers the risk of implementation failure. Research results from [27] also shows that government support, counseling, and green product certification programs can accelerate the adoption of GSCM practices by local agribusiness actors. Therefore, the establishment of a cross-sectoral collaborative network is the main supporting factor for the sustainability of the egg supply chain in Indonesia.

4.7. The Relationship between Economic Efficiency and Environmental Sustainability
Interestingly, the results of this study prove that green supply chains do not necessarily increase production costs, but can increase long-term efficiency. Study by [28] and [29] supports this argument, by asserting that green innovation is able to create a win-win strategy to reduce costs while increasing competitiveness. These findings are also reinforced by [24] which states that agribusiness companies that apply sustainability principles record an increase in profitability of up to 12–20% compared to companies that do not adopt green practices. Thus, sustainability is not just a social responsibility, but also a smart business strategy.

4.8. Obstacles to GSCM Implementation in the Egg Sector
Although the results of the literature study show many benefits, the implementation of GSCM in the egg sector still faces various obstacles. Based on the synthesis of the literature, the main challenges include: (1) limited infrastructure such as refrigeration facilities, (2) lack of knowledge and awareness of small farmers about green practices, and (3) the absence of national regulations that specifically regulate GSCM standards for egg products. These findings are in line with the study [30] and [31] which shows that the main obstacles to the implementation of GSCM in developing countries lie in the lack of policy support, the initial cost of investment, and weak coordination between stakeholders. Therefore, strengthening public policies and technical counseling is the key to the success of this transformation.

5. Conclusion
This study concludes that the application of Green Supply Chain Management (GSCM) in the egg supply chain is able to increase efficiency, reduce waste, and strengthen the sustainability of the agribusiness system. The integration of green purchasing, green manufacturing, and green distribution dimensions has been proven to have a significant effect on environmental and economic performance. Collaboration between stakeholders is a key factor in the success of this model. With a circular approach and environmentally friendly practices, the egg supply chain can transform into an efficient, competitive system that supports the Sustainable Development Goals (SDGs).
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