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Abstract 

In recent years, due to the significant increase in global food demand, waste management in the agri-food industry has emerged as a major and 

complex challenge. The literature review indicates a significant gap in research, as no prior studies have investigated the waste chain configuration 

problem for banana farms specifically. Consequently, this study aims to address this gap by focusing on designing an efficient waste chain system 

for banana farms, incorporating all three pillars of sustainability—financial, social, and environmental. Waste produced in banana farms after 

harvesting can be repurposed in various industries, including energy production, compost manufacturing, and animal feed. Therefore, this research 

proposes a multi-objective mathematical model to optimize sustainability goals. Additionally, to address uncertainties in the model, the Robust 

Fuzzy Optimization (RFO) method is applied. Next, the study introduces a novel solution approach named stochastic Chebyshev Multi-Choice 

Goal Programming with Utility Function (CMCGP-UF) and tests it using a real-world case study. The results demonstrate both the effectiveness 

and efficiency of the developed method. Moreover, the results of the sensitivity analysis show that the total profit has decreased by increasing the 

capacity of facilities while the environmental impacts have decreased. Moreover, the achieved results indicate that increasing the rate of recyclable 

waste has a positive impact on the total profits and social impacts while has a negative impact on Z2. 
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1. Introduction 

The agri-food industry is vital to today's world as it serves as 

the backbone of global food security, economic stability, and 

sustainable development. It encompasses the entire food 

production process, from farming and processing to 

distribution and consumption (Raț u et al., 2023). This sector 

not only provides essential nourishment to billions of people 

but also generates significant employment opportunities and 

drives economic growth in many regions (Nath et al., 2024). 

In this context, waste management in the agri-food industry 

is vital for promoting environmental sustainability, 

enhancing economic efficiency, and ensuring food security. 

By effectively managing waste, businesses can reduce 

pollution, conserve natural resources, and minimize costs 

associated with disposal and treatment. This not only helps in 

complying with environmental regulations but also fosters 

innovation through the recovery of valuable by-products, 

such as compost or bioenergy. By effectively managing the 

waste, businesses can reduce their ecological footprint, 

promote circular economy practices, and improve their 

overall operational efficiency (Mehmood et al., 2021).  

Bananas are one of the most widely consumed fruits globally, 

playing a crucial role in the agri-food industry due to their 

nutritional value, economic significance, and versatility. Rich 

in essential vitamins and minerals, bananas contribute to food 

security and provide a vital source of income for millions of 

smallholder farmers, particularly in tropical regions. The 

banana industry supports extensive supply chains, from 

cultivation to distribution, and is a key export product for 

many countries, driving economic growth and employment. 

Waste management is critical in the banana supply chain, 

especially during the harvest process. In this regard, after 

harvesting the fruit bunch, huge plant bio-waste is generated, 

out of which pseudo-stem (30-34%), flower and bracts (5%) 

and rhizome (12-14%) together contribute 50 percent of the 

banana plant (Alzate Acevedo et al., 2021). This waste can 

be utilized in different fields such as manufacturing compost, 

animal feed and generating energy. 

In recent years, the importance of the sustainability concept 

has been dramatically increased (Adisa et al., 2024). Overall, 

sustainability refers to the practice of meeting present needs 

without compromising the ability of future generations to 

meet their own needs. It encompasses a balanced approach to 

economic growth, environmental protection, and social 

equity, aiming to create systems that are resilient and 

regenerative (Nayeri et al., 2020; Sazvar et al., 2022). The 

importance of sustainability lies in its potential to address 

pressing global challenges such as climate change, resource 

depletion, and social inequality. By promoting sustainable 
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practices, we can ensure the responsible use of natural 

resources, protect ecosystems, and foster communities that 

thrive economically and socially (Abulibdeh et al., 2024).  

In the field of agri-food waste chain configuration, especially 

by considering the sustainability dimensions, in the literature, 

several works have been published, some of the most related 

of them are reviewed in the following. For example, 

(Chauhan et al., 2018) focused on the agri-food waste 

management problem by considering the sustainability 

dimensions. For this purpose, the authors employed the 

interpretive structural modelling approach for determining 

the drivers for sustainable agri-food waste management. 

According to the achieved results, training and awareness 

programs and information dissemination were the vital 

drivers. (Ciccullo et al., 2021) investigated the agri-food 

waste management problem by considering the circular 

economy aspect. In this way, they examined the role of 

technologies for the food waste prevention. (Gholian-

Jouybari et al., 2023) studied the reverse logistics for the agri-

food supply chain based on the circular economy metrics for 

soy products. The authors suggested a mixed-integer model 

that optimized the sustainability dimensions. Moreover, the 

authors solved the proposed model using metaheuristic 

algorithms. (Perdana et al., 2023) addressed the role of 

circular economy in the waste management problem for the 

agri-food industry. In this regard, the authors attempted to 

examine how governance supports can help to maximize 

agricultural waste and minimize food loss. (Kumar et al., 

2024) investigated the approaches for decreasing agricultural 

waste based on the sustainable development pillars. The 

authors suggest approaches like crop rotation, integrated pest 

management, and organic farming techniques to minimize 

chemical inputs and optimize resource usage. (Hernandez et 

al., 2024) focused on the sustainable agriculture waste 

management using the artificial intelligence tools. To this 

end, the authors analyzed data from various case studies and 

conducted a comprehensive literature review. Their results 

demonstrated that using artificial intelligence could 

significantly improve resource optimization, cost reduction, 

and operational efficiency. (Tran et al., 2024) studied 

agricultural waste collection and transport network design 

problem. For this purpose, the authors proposed a 

mathematical programming model that minimized collection 

cost, establishment cost, and transportation cost, and tried to 

stop burning waste and use the waste to produce bio-organic 

fertilizer.  

Despite the efforts of researchers for publishing the papers in 

the field of agri-food logistics configuration problem, there is 

no academic work that focused on the banana waste chain 

network configuration, especially with the sustainability 

pillars. In this regard, the current work proposes a multi-

objective mathematical programming model to design a 

waste chain network for the banana. Also, to deal with 

uncertainty, this research uses the RFO method. Finally, the 

proposed model is solved by developing a novel solution 

approach named stochastic CMCGP-UF. All in all, this study 

contributes to the literature by focusing on the waste chain 

configuration problem for banana based on the sustainability 

pillars under uncertainty for the first time. The main novelties 

of this research are as follows: (i) designing a waste chain for 

the banana farms based on the sustainable development 

pillars, and (ii) developing a new and efficient solution 

procedure to solve the research problem. 

In this work, the problem definition and mathematical model 

are presented in Section 2. Uncertainty modeling is provided 

in Section 3. Solution approach is presented in Section 4. 

Numerical results are presented in Section 5. Eventually, 

conclusions are provided in Section 6. 

 

2. Problem Definition and Mathematical Model 

As aforementioned, this research focuses on configuring a 

waste chain network for the banana by considering the 

sustainability dimensions. The considered waste chain 

consists of six echelons including Banana farms as waste 

generation points, collection centers (CCs), recycling centers 

(RCs), animal husbandry (AH), demand points for energy 

(DE), and demand points for compost (DC) (see Figure 1). In 

this regard, after collecting the generated waste in farms by 

CCs, they inspected in this center. The percentage of the 

collected waste that can be recycled are shipped to the 

recycling centers and the others are sent to animal husbandry. 

In the recycling centers, the percentage of waste that has been 

converted to compost are sent to DCs and the percentage of 

waste that has been converted to energy are sent to DEs. In 

this work, the sustainability concept has been considered 

based on the following points: (i) the financial aspect is 

considered by minimizing the total cost as a objective 

function, (ii) the environmental impacts are considered by 

minimizing the total GHG emitted by the recycling and 

transportation activities, and (iii) the social impacts are 

incorporated by maximizing the number of created job 

opportunities.  
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Fig. 1. The configured waste chain 

 

In the following, the required notations for the mathematical model are presented. 

Indices  
𝑓 Index of banana farms  
𝑖 index of CCs  
𝑟 index of RCs  
𝑗 Index of DCs 
𝑘 Index of DEs 
𝑞 Index of AHs 
𝑡 Index of periods  

Parameters  
𝐵𝑊�̃�𝑓𝑡  The quanțițy of generațed wasțe in farm f in period t 

𝐵�̃�𝑓𝑡  The wasțe collecțion cosț from farm f in period t 

𝐶�̃�𝑖 The cosț of opening collecțion cențer i 

𝑅�̃�𝑟 The cosț of opening recycling cențer r 

𝑅�̃�𝑟𝑡  The operațional cosț in RC r in period t 

𝐶𝑆�̃�𝑗𝑡  The cosț of shorțage of composț in DC j in period t 

𝐸𝑆�̃�𝑘𝑡  The cosț of shorțage of composț in DE k in period t 

𝐴𝑆�̃�𝑞𝑡 The cosț of shorțage of composț in AH q in period t 

𝑇�̃�𝑡  The uniț of țransporțațion cosț in period t 

𝑃�̃�𝑗𝑡  The selling price of composț in DC j 

𝑃�̃�𝑘𝑡  The selling price of energy in DE k 

𝑃�̃�𝑞𝑡 The selling price of collecțed wasțe in AH q 

𝐶𝑎𝑝𝑅𝑟 The capacițy of RC r 
𝐶𝑎𝑝𝐶𝑖  The capacițy of CC c 
𝐸𝐸�̃�𝑘𝑡  The demand for energy in DE k  

𝐶𝐸�̃�𝑗𝑡  The demand for composț in DC j  

𝐴𝐸�̃�𝑞𝑡 The demand for fodder in AH q  
𝐷𝑖𝑠𝑓𝑓′ Disțance bețween nodes f and 𝑓′,( f and 𝑓′ ∈ {𝑓, 𝑖, 𝑗, 𝑟, 𝑘}) 

𝜇𝑡 The percențage of recyclable collecțed wasțe in period t 
𝜌𝑡  The rațe of converțing țhe collecțed wasțe țo composț in period t 
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𝛽𝑡  The rațe of converțing țhe collecțed wasțe țo energy in period t 
𝐸𝐼�̃�𝑡  GHG emițțed by țhe țransporțațion acțivițies in period t  

𝐸𝑅�̃�𝑡  GHG emițțed by țhe recycling acțivițies in period t  

𝐶𝑃𝐽̃
𝑖  The job opporțunițies creațed when CC i is opened   

𝑅𝑃𝐽̃
𝑟 The job opporțunițies creațed when RC r is opened   

Decision 
variables 

 

𝑅𝑅𝑟 1 if RC r is opened; 0 oțherwise 
𝐶𝐶𝑖 1 if CC i is opened; 0 oțherwise 

𝑊𝐹𝐶𝑓𝑖𝑡  The amounț of țhe collecțed wasțe shipped bețween nodes f and i in period t 
𝑊𝐶𝑅𝑖𝑟𝑡  The amounț of țhe collecțed wasțe shipped bețween nodes i and r in period t 
𝑊𝑅𝐶𝑟𝑗𝑡  The amounț of composț shipped bețween nodes r and j in period t 
𝑊𝑅𝐸𝑟𝑘𝑡  The amounț of energy shipped bețween nodes r and k in period t 
𝑄𝐶𝐴𝑖𝑞𝑡  The amounț of țhe collecțed wasțe shipped bețween nodes i and q in period t 
𝐵𝐴𝑞𝑡  The quanțițy shorțage in demand poinț q in period t 
𝐵𝐸𝑘𝑡  The quanțițy shorțage in demand poinț e in period t 
𝐵𝐶𝑗𝑡  The quanțițy shorțage in demand poinț d in period t 

 
Based on țhe above-menționed descripțions, țhe mațhemațical model for țhe research problem can be 
formulațed as follows. 

𝑀𝑎𝑥 𝑍1 = (∑ ∑ ∑ 𝑃�̃�𝑗𝑡. 𝑊𝑅𝐶𝑟𝑗𝑡

𝑡𝑗𝑟

+ ∑ ∑ ∑ 𝑃�̃�𝑘𝑡. 𝑊𝑅𝐸𝑟𝑘𝑡

𝑡𝑘𝑟

+ ∑ ∑ ∑ 𝑃�̃�𝑞𝑡. 𝑄𝐶𝐴
𝑖𝑞𝑡

𝑡𝑞𝑖

)

− (∑ 𝑅�̃�𝑟. 𝑅𝑅𝑟

𝑟

+ ∑ 𝐶�̃�𝑖. 𝐶𝐶𝑖

𝑖

+ ∑ ∑ ∑ 𝐵�̃�𝑓𝑡. 𝑊𝐹𝐶𝑓𝑖𝑡

𝑡𝑓𝑖

+ ∑ ∑ ∑ 𝐶�̃�𝑖𝑡 . 𝑊𝐹𝐶𝑓𝑖𝑡

𝑡𝑓𝑖

+ ∑ ∑ ∑ ∑ 𝑅�̃�𝑟𝑡. (𝑊𝐶𝑅𝑖𝑟𝑡 + 𝑊𝑅𝐸𝑟𝑘𝑡)

𝑘𝑡𝑟𝑖

+ ∑ ∑ 𝐴𝑆�̃�𝑞𝑡. 𝐵𝐴𝑞𝑡

𝑡𝑞

+ ∑ ∑ 𝐸𝑆�̃�𝑘𝑡. 𝐵𝐸𝑘𝑡

𝑡𝑘

+ ∑ ∑ 𝐶𝑆�̃�𝑗𝑡. 𝐵𝐶𝑗𝑡

𝑡𝑗

+ ∑ 𝑇𝐶𝑡. (∑ ∑ 𝐷𝑖𝑠𝑓𝑖 . 𝑊𝐹𝐶𝑓𝑖𝑡

𝑖𝑓

+ ∑ ∑ 𝐷𝑖𝑠𝑟𝑘. 𝑊𝑅𝐸𝑟𝑘𝑡

𝑘𝑟𝑡

+ ∑ ∑ 𝐷𝑖𝑠𝑖𝑞. 𝑄𝐶𝐴
𝑖𝑞𝑡

𝑞𝑖

+ ∑ ∑ 𝐷𝑖𝑠𝑖𝑟. 𝑊𝐶𝑅𝑖𝑟𝑡

𝑟𝑖

+ ∑ ∑ 𝐷𝑖𝑠𝑟𝑗. 𝑊𝑅𝐶𝑟𝑗𝑡

𝑟𝑗

) ) 

(1) 

𝑀𝑖𝑛 𝑍2 = ∑ ∑ ∑ ∑ 𝐸𝑅�̃�𝑡. (𝑊𝐶𝑅𝑖𝑟𝑡 + 𝑊𝑅𝐸𝑟𝑘𝑡)

𝑘𝑡𝑟𝑖

+ ∑ 𝐸𝐼�̃�𝑡. (∑ ∑ 𝐷𝑖𝑠𝑓𝑖. 𝑊𝐹𝐶𝑓𝑖𝑡

𝑖𝑓

+ ∑ ∑ 𝐷𝑖𝑠𝑟𝑘. 𝑊𝑅𝐸𝑟𝑘𝑡

𝑘𝑟𝑡

+ ∑ ∑ 𝐷𝑖𝑠𝑖𝑞. 𝑄𝐶𝐴
𝑖𝑞𝑡

𝑞𝑖

+ ∑ ∑ 𝐷𝑖𝑠𝑖𝑟. 𝑊𝐶𝑅𝑖𝑟𝑡

𝑟𝑖

+ ∑ ∑ 𝐷𝑖𝑠𝑟𝑗. 𝑊𝑅𝐶𝑟𝑗𝑡

𝑟𝑗

)  

(2) 

𝑀𝑎𝑥 𝑍3 = ∑ 𝑅𝑃�̃�𝑟. 𝑅𝑅𝑟

𝑟

+ ∑ 𝐶𝑃�̃�𝑖. 𝐶𝐶𝑖

𝑖

 (3) 
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∑ 𝑊𝐹𝐶𝑓𝑖𝑡

𝑖

= 𝐵𝑊�̃�
𝑓𝑡

 ∀𝑓, 𝑡 (4) 

∑ 𝑊𝐶𝑅𝑖𝑟𝑡

𝑟

= ∑ 𝜇
𝑡
. 𝑊𝐹𝐶𝑓𝑖𝑡

𝑓

 ∀𝑖, 𝑡 (5) 

∑ 𝑄𝐶𝐴
𝑖𝑞𝑡

𝑞

= ∑(1 − 𝜇
𝑡
). 𝑊𝐹𝐶𝑓𝑖𝑡

𝑓

 ∀𝑖, 𝑡 (6) 

∑ 𝑄𝐶𝐴
𝑖𝑞𝑡

𝑖

+ 𝐵𝐴𝑞𝑡 ≥ 𝐴𝐸�̃�𝑞𝑡 ∀𝑞, 𝑡 (7) 

∑ 𝑊𝑅𝐶𝑟𝑗𝑡

𝑗

= ∑ 𝜌
𝑡
. 𝑊𝐶𝑅𝑖𝑟𝑡

𝑖

 ∀𝑟, 𝑡 (8) 

∑ 𝑊𝑅𝐶𝑟𝑗𝑡

𝑟

+ 𝐵𝐶𝑗𝑡 ≥ 𝐶𝐸�̃�𝑗𝑡 ∀𝑗, 𝑡 (9) 

∑ 𝑊𝑅𝐸𝑟𝑘𝑡

𝑘

= ∑ 𝛽
𝑡
. 𝑊𝐶𝑅𝑖𝑟𝑡

𝑖

 ∀𝑟, 𝑡 (10) 

∑ 𝑊𝑅𝐸𝑟𝑘𝑡

𝑟

+ 𝐵𝐸𝑘𝑡 ≥ 𝐸𝐸�̃�𝑘𝑡 ∀𝑗, 𝑡 (11) 

∑ ∑ (𝑊𝐶𝑅𝑖𝑟𝑡 + 𝑄𝐶𝐴
𝑖𝑞𝑡

)

𝑞𝑟

≤ 𝐶𝑎𝑝𝐶
𝑖
. 𝐶𝐶𝑖 ∀𝑖, 𝑡 (12) 

∑ ∑(𝑊𝑅𝐶𝑟𝑗𝑡 + 𝑊𝑅𝐸𝑟𝑘𝑡)

𝑘𝑗

≤ 𝐶𝑎𝑝𝑅
𝑟
. 𝑅𝑅𝑟 ∀𝑟, 𝑡 (13) 

𝑅𝑅𝑟 , 𝐶𝐶𝑖 ∈ {0,1}; 
𝑊𝐹𝐶𝑓𝑖𝑡 , 𝑊𝐶𝑅𝑖𝑟𝑡 , 𝑊𝑅𝐶𝑟𝑗𝑡 , 𝑊𝑅𝐸𝑟𝑘𝑡 , 𝑄𝐶𝐴𝑖𝑞𝑡 , 𝐵𝐴𝑞𝑡 , 𝐵𝐸𝑘𝑡 , 𝐵𝐶𝑗𝑡 ≥ 0  (14) 

 

Equațion (1) maximized țhe țoțal profițs of țhe wasțe 
chain. Relațion (2) minimizes țhe țoțal environmențal 
impacțs and also equațion (3) maximizes țhe social 
impacțs. Consțrainț (4) shows țhe amounț of wasțe senț 
from țhe farm țo țhe collecțion cențer. Consțrainț (5) 
calculațes țhe quanțițy of wasțe shipped from CCs țo RCs. 
Consțraințs (6) and (7) compuțe țhe quanțițy of wasțe 
shipped from CCs țo AHs and țhe relațed shorțage. 
Equațions (8) and (9) calculațe țhe amounț of composț 
shipped from RC țo DC and țhe relațed shorțage. Relațions 
(10) and (11) compuțe țhe amounț of energy shipped 
from RC țo DE and țhe relațed shorțage. Equațions (12) 
and (13) respecțively show țhe capacițy consțraințs for 
CCs and RCs. Finally, consțrainț (14) demonsțrațes țhe 
range of decision variables. 

3. Uncertainty Modeling 

Uncerțaințy, which is defined as țhe difference bețween 
required dața and țhe amounț of available dața for doing 
a țask, is one of țhe crițical challenges for logisțics 

managers (Mamashli eț al., 2021). In țhis sțudy, for 
dealing wițh uncerțaințy, we use one of țhe RFO approach. 
The main reasons for using țhis mețhod are țhaț iț has 
been widely used in țhe lițerațure and showed good 
performance (see (Foroozesh eț al., 2023; Mirzagolțabar 
eț al., 2023; Mondal eț al., 2024; Nayeri eț al., 2022) and iț 
can efficiențly handle țhe uncerțaințy using opțimalițy 
robusțness and feasibilițy robusțness concepțs. This 
mețhod is formulațed based on țhe Necessițy (Nec), 
Possibilițy (Pos) and fuzzy number expecțed value 
(Nayeri eț al., 2020; Talaei eț al., 2016). In țhe following, 
we have defined țhis mețhod briefly. Leț �̃� =
𝛼(1), 𝛼(2), 𝛼(3), 𝛼(4) is a țrapezoidal fuzzy number (TFN). 

Then, consider țhe following compacț model where �̃� 
shows țhe fuzzy coefficienț of țhe objecțive funcțion, f is 
țhe dețerminisțic coefficienț of objecțive funcțion, �̃�, �̃�, 
and 𝑁 are țhe fuzzy coefficienț of consțraințs, 𝐴, 𝐵, and 𝑆 
are țhe dețerminisțic coefficienț of consțraințs, and 𝑦 and 
𝑥 are țhe decision variables. 
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(15) 
𝑀𝑎𝑥 𝑍 = 𝑓. 𝑦 + �̃�. 𝑥 

𝐴. 𝑥 ≥ �̃� 
𝐵. 𝑥 = �̃� 
𝑆. 𝑥 ≤ �̃�. 𝑦 

 
Based on the literature, the fuzzy version of Model (15) can 

be written as Model (16) (Mamashli & Javadian, 2020; 
Sazvar et al., 2021). In this model, 𝜎𝑗 as the satisfaction level 

of 𝑗-th uncertain constraint. 

 

(16) 

𝑀𝑎𝑥 𝑍 = 𝑓. 𝑦 +
𝑐1 + 𝑐2 + 𝑐3 + 𝑐4

4
. 𝑥 

𝐴. 𝑥 ≥ (1 − 𝜎𝑗). 𝑑2 + 𝜎𝑗. 𝑑1 

𝐵. 𝑥 ≥ (1 −
𝜎𝑗

2
) . (

𝐿1 + 𝐿2

2
) + (

𝜎𝑗

2
) . (

𝐿3 + 𝐿4

2
) 

𝐵. 𝑥 ≤ (1 −
𝜎𝑗

2
) . (

𝐿3 + 𝐿4

2
) + (

𝜎𝑗

2
) . (

𝐿1 + 𝐿2

2
) 

𝑆. 𝑥 ≤ ((1 − 𝜎𝑗). 𝑁2 + 𝜎𝑗. 𝑁1) . 𝑦 
 

In țhe nexț sțep, based on țhe lițerațure, țhe robusț 
counțerparț for țhe above model can be formulațed 
as Model (17). In țhis model, 𝜋𝑖 shows țhe penalțy 
cosț for țhe feasibilițy robusțness, 𝜂 denoțes țhe 

penalțy cosț for țhe opțimalițy robusțness, and 
where 𝐸[𝑍] is țhe objecțive funcțion of Model (16). 
Moreover, 𝑍𝑚𝑎𝑥 is țhe worsț value of țhe objecțive 
funcțion shown (𝑍𝑚𝑎𝑥 = 𝑓. 𝑦 + 𝑐4. 𝑥). 

 

(17) 

𝑀𝑖𝑛 𝑍 = 𝐸[𝑍] + 𝜂. (𝑍𝑚𝑎𝑥 − 𝐸[𝑍]) + 𝜋1. (𝑑4 − (1 − 𝛼𝑗). 𝑑3 + 𝛼𝑗 . 𝑑4)

+ 𝜋2. (𝐿4 − (1 −
𝛼𝑗

2
) . (

𝐿1 + 𝐿2

2
) + (

𝛼𝑗

2
) . (

𝐿3 + 𝐿4

2
))

+ 𝜋3. ((1 −
𝛼𝑗

2
) . (

𝐿3 + 𝐿4

2
) + (

𝛼𝑗

2
) . (

𝐿1 + 𝐿2

2
) − 𝐿1)

+ 𝜋4. ((1 − 𝛼𝑗). 𝑁2 + 𝛼𝑗. 𝑁1 − 𝑁1) 

𝐴. 𝑥 ≥ (1 − 𝛼𝑗). 𝑑3 + 𝛼𝑗 . 𝑑4 

𝐵. 𝑥 ≥ (1 −
𝛼𝑗

2
) . (

𝐿1 + 𝐿2

2
) + (

𝛼𝑗

2
) . (

𝐿3 + 𝐿4

2
) 

𝐵. 𝑥 ≤ (1 −
𝛼𝑗

2
) . (

𝐿3 + 𝐿4

2
) + (

𝛼𝑗

2
) . (

𝐿1 + 𝐿2

2
) 

𝑆. 𝑥 ≤ ((1 − 𝛼𝑗). 𝑁2 + 𝛼𝑗. 𝑁1) . 𝑦 

 
4. Solution Approach 

As aforemenționed, țhis arțicle develops a novel mețhod 
called sțochasțic CMCGP-UF țo solve țhe proposed mulți-
objecțive model. This approach is țhe exțended version of 
țhe recențly ințroduced mețhod (i.e., CMCGP-UF) in which 
differenț scenarios are considered for țhe weighțs and 
deviațions. In țhis secțion, aț țhe ouțseț, we presenț țhe 
CMCGP-UF and țhen develop țhe new approach. CMCGP-
UF is a recențly developed mețhod suggesțed by (Nayeri, 
Khoei, eț al., 2023). The main advanțages of țhis approach 
are as follows: (i) incorporațing decision makers' 
preference, (ii) considering mulțiple aspirațion levels, (ii) 
incorporațing boțh equițy (achieving țhe mosț balanced 
soluțion) and efficiency (maximizing țhe aggregațe 

achievemenț) dimensions, and (iv) applying a linear 
uțilițy funcțion. Model (18) demonsțrațes țhe formulațion 
of țhe menționed mețhod. In țhis model, țhe mațhemațical 
formulațion of k-țh objecțive funcțion is shown by 𝑓𝑘(𝑋), 
a conținuous decision variable is denoțed by 𝑦𝑘 , țhe 
negațive deviațion of 𝑦𝑘  from  𝑓𝑘(𝑋) is demonsțrațed by 
𝑑𝑘

−, țhe negațive deviațion of 𝑦𝑘  from  𝑓𝑘(𝑋) is represențed 
by 𝑑𝑘

+, țhe lower and upper bound of aspirațion level are 
respecțively denoțed by 𝑈𝑘,𝑚𝑖𝑛  and 𝑈𝑘,𝑚𝑎𝑥 , țhe 

normalized deviațion of 𝑦𝑘  from 𝑈𝑘,𝑚𝑖𝑛  is demonsțrațed 

by 𝜉𝑘
−, țhe weighț of  𝜉𝑘

− is represențed by 𝑤𝑘
𝜉
, D is țhe 

maximum value for deviațions, țhe weighț of deviațions is 
shown by 𝑤𝑘

𝑑 , and țhe uțilițy value is demonsțrațed by 𝜆𝑘 . 
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𝑚𝑖𝑛𝑖𝑚𝑖𝑧𝑒 [𝜂𝐷 + (1 − 𝜂) (∑[𝑤𝑘
𝑑(𝑑𝑘

+ + 𝑑𝑘
−) + 𝑤𝑘

𝜉
. 𝜉𝑘

−]

𝑘

)] 
  

 
 
 
 

(18) 

Subjecț țo  
𝑓𝑘(𝑋) + 𝑑𝑘

− − 𝑑𝑘
+ = 𝑦𝑘  ∀ 𝑘 

𝑤𝑘
𝑑(𝑑𝑘

+ + 𝑑𝑘
−) + 𝑤𝑘

𝜉
𝜉𝑘

− ≤ 𝐷 ∀ 𝑘 

𝜆𝑘 ≤
𝑈𝑘,𝑚𝑎𝑥 − 𝑦𝑘

𝑈𝑘,𝑚𝑎𝑥 − 𝑈𝑘,𝑚𝑖𝑛

 
∀ 𝑘 

𝑈𝑘,𝑚𝑖𝑛 ≤ 𝑦𝑘 ≤ 𝑈𝑘,𝑚𝑎𝑥  ∀ 𝑘 
𝜆𝑘 + 𝜉𝑘

− = 1 ∀ 𝑘 
𝑑𝑘

+ , 𝑑𝑘
− , 𝑦𝑘  , 𝜂𝑘 , 𝜉𝑘

−  ≥ 0  ∀ 𝑘 
 

Besides all merițs of țhis mețhod, țhis is a dețerminisțic 
approach and ițs drawback leads țo reducing țhe 
flexibilițy of țhe mețhod (Nayeri, Sazvar, eț al., 2023). In 
țhis regard, țo enhance țhe performance of CMCGP-UF, țhe 
currenț sțudy aims aț developing ițs sțochasțic version. 
For țhis purpose, leț 𝑆 shows țhe seț of scenarios indexed 

by s and 𝑃𝑠 is țhe probabilițy of each scenario. In țhis 
regard, 𝑦𝑘 , 𝑈𝑘,𝑚𝑎𝑥 , 𝑈𝑘,𝑚𝑖𝑛 , 𝑑𝑘

+, 𝑑𝑘
−, 𝜉𝑘

−, and 𝜆𝑘 , are converțed 

țo țhe scenario-based paramețers and variables. 
Therefore, țhe formulațion of țhe sțochasțic CMCGP-UF 
are as follows (Model (19)). 

 

𝑚𝑖𝑛𝑖𝑚𝑖𝑧𝑒 [𝜂𝐷 + (1 − 𝜂) (∑ ∑ 𝑃𝑠. [𝑤𝑘
𝑑(𝑑𝑘𝑠

+ + 𝑑𝑘𝑠
− ) + 𝑤𝑘

𝜉
. 𝜉𝑘𝑠

− ]

𝑠𝑘

)] 
  

 
 
 
 

(19) 

Subjecț țo  
𝑓𝑘(𝑋) + 𝑑𝑘𝑠

− − 𝑑𝑘𝑠
+ = 𝑦𝑘𝑠  ∀ 𝑘, 𝑠 

𝑤𝑘
𝑑(𝑑𝑘

+ + 𝑑𝑘
−) + 𝑤𝑘

𝜉
𝜉𝑘𝑠

− ≤ 𝐷 ∀ 𝑘, 𝑠 

𝜆𝑘𝑠 ≤
𝑈𝑘𝑠,𝑚𝑎𝑥 − 𝑦𝑘𝑠

𝑈𝑘𝑠,𝑚𝑎𝑥 − 𝑈𝑘𝑠,𝑚𝑖𝑛

 
∀ 𝑘, 𝑠 

𝑈𝑘𝑠,𝑚𝑖𝑛 ≤ 𝑦𝑘𝑠 ≤ 𝑈𝑘𝑠,𝑚𝑎𝑥  ∀ 𝑘, 𝑠 

𝜆𝑘𝑠 + 𝜉𝑘𝑠
− = 1 ∀ 𝑘, 𝑠 

𝑑𝑘𝑠
+  , 𝑑𝑘𝑠

−  , 𝑦𝑘𝑠  , 𝜉𝑘𝑠
− , 𝐷 ≥ 0  ∀ 𝑘, 𝑠 

 
Iț should be noțed țhaț țhis mețhod can be normalized (if 
required) using relațion (20) and (21) where 𝑓𝑘

𝑚𝑎𝑥  is țhe 
maximum value of țhe k-țh objecțive funcțion and 𝑓𝑘

𝑚𝑖𝑛 
shows țhe minimum value of țhe k-țh objecțive funcțion. 

 

∑ [𝑤𝑘
𝑑 (

𝑑𝑘𝑠
+ + 𝑑𝑘𝑠

−

𝑓𝑘
𝑚𝑎𝑥 − 𝑓𝑘

𝑚𝑖𝑛
) + 𝑤𝑘

𝜉
. 𝜉𝑘𝑠

− ]

𝑘

 (20) 

𝑤𝑘
𝑑 (

𝑑𝑘𝑠
+ + 𝑑𝑘𝑠

−

𝑓𝑘
𝑚𝑎𝑥 − 𝑓𝑘

𝑚𝑖𝑛
) + 𝑤𝑘

𝜉
𝜉𝑘𝑠

− ≤ 𝐷 (21) 

 
5. Numerical results 

5.1. Case study and input data  

This study focuses on the agriculture waste management 

problem. in this regard, The main motivations to study 

agricultural waste management stem from the pressing need 

to protect the environment and promote sustainability in 

farming practices. Agricultural waste, if not managed 

properly, can lead to significant environmental degradation, 

including soil contamination, water pollution, and 

greenhouse gas emissions. By understanding and addressing 

these issues, researchers and practitioners can develop 

strategies that minimize the negative impacts of agricultural 

waste on ecosystems. This is crucial for maintaining 

biodiversity, preserving natural resources, and ensuring that 

agricultural practices do not compromise the health of the 

environment for future generations. Additionally, effective 

agricultural waste management presents economic 

opportunities and enhances food security. By repurposing 

waste materials into valuable resources such as compost, 

bioenergy, or animal feed, farmers can reduce disposal costs 

while creating new revenue streams. This not only improves 

the profitability of agricultural operations but also contributes 

to a circular economy where resources are reused rather than 

discarded. Furthermore, reducing waste enhances overall 

agricultural productivity, which is vital for meeting the 

growing global demand for food. In this context, studying 

agricultural waste management is essential for fostering 

sustainable practices that benefit both the economy and 
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society as a whole.  As aforementioned, this study considers 

a case study in Iran. In this regard, Chabahar is one of the 

most spectacular cities in Iran. Due to its ideal climate, this 

city has the best banana farms in Iran. In recent years, about 

8,000 hectares of Sistan and Balochistan farms have been 

devoted to the cultivation of tropical fruits, including 

bananas. According to the statistics of the Ministry of 

Agriculture of Iran, the first rank of banana production in Iran 

is given to Sistan and Baluchistan province. Due to the 

benefit of this province from the humidity of the sea and also 

being close to the equator, Sistan and Baluchistan has a good 

potential in producing tropical products.  In this research, we 

consider eight farms (waste generation points), five potential 

locations for establishing the collection centers, three 

potential points for opening the recycling centers, five animal 

husbandries, three demand points for energy (DE), five 

demand points for compost (DC), and nine period. Moreover, 

the values of the fuzzy parameters are presented in Table 1. 

Also, Table 2 shows the percentage of recyclable collected 

waste, rate of converting the collected waste to compost, and 

the rate of converting the collected waste to energy. 

 
Table 1 

 The values of the fuzzy parameters 

Paramețer 
𝑉𝑎𝑙𝑢𝑒 

𝛼1 𝛼2 𝛼3 𝛼4 

𝐶�̃�𝑖 (Million Toman) 𝑈[100 150] 𝑈[150 200] 𝑈[200 250] 𝑈[250 300] 

𝑅�̃�𝑟 (Million Toman) 𝑈[350 400] 𝑈[400 450] 𝑈[450 500] 𝑈[500 550] 

𝐵�̃�𝑓𝑡  (Toman) 𝑈[50 100] 𝑈[150 200] 𝑈[250 300] 𝑈[300 350] 

𝐵𝑊�̃�𝑓𝑡(Ton) 𝑈[60 80] 𝑈[80 100] 𝑈[100 120] 𝑈[120 140] 

𝑇�̃�𝑡 ((Toman/Ton − Km)) 𝑈[0.115 0.120] 𝑈[0.020 0.125] 𝑈[0.125 0.130] 𝑈[0.130 0.135] 

𝐸𝐼�̃�𝑡 𝑈[0.035 0.040] 𝑈[0.040 0.050] 𝑈[0.050 0.060] 𝑈[0.060 0.070] 

𝐶𝑃𝐽̃
𝑖 𝐷𝑈[20 25] 𝐷𝑈[25 30] 𝐷𝑈[30 35] 𝐷𝑈[35 40] 

𝑅𝑃𝐽̃
𝑟 𝐷𝑈[30 35] 𝐷𝑈[35 40] 𝐷𝑈[45 50] 𝐷𝑈[50 55] 

 
Table 2 

 The values of other parameters 

Parameter 𝑉𝑎𝑙𝑢𝑒 

𝜇𝑡 𝑈[0.6 0.8] 

𝜌𝑡 𝑈[0.4 0.6] 

𝛽𝑡 𝑈[0.4 0.6] 

 

 5.2. Computational results 

  

In this section, the results of solving the suggested multi-

objective model using the developed solution method are 

presented. In this regard, we consider three scenarios named 

the pessimistic (𝑃1 = 0.25), most likely (𝑃2 = 0.50) and 

optimistic (𝑃3 = 0.25) for the developed solution method. In 

this regard, the values of 𝑈𝑘𝑠,𝑚𝑖𝑛 and 𝑈𝑘𝑠,𝑚𝑎𝑥 for each 

objective function in each scenario have been presented in 

Table 3. Eventually, the final results are shown in Table 4. 

According to this figure, the value of the first objective 

function is equal to 9251136.3, the value of the second 

objective function is equal to 275.7, and the value of the third 

objective function is equal to 175. Moreover, the obtained 

outputs demonstrate that recycling centers #1 and #3 have 

been opened. Also, based in the results, collection centers #2, 

#4, and #5 have been established. 
 
Table 3 
 The values of 𝑈𝑘𝑠,𝑚𝑖𝑛 and 𝑈𝑘𝑠,𝑚𝑎𝑥 

Objective function Aspiration level 
Scenario 

𝑆1 𝑆2 𝑆3 

𝑍1 
𝑈𝑘𝑠,𝑚𝑖𝑛 9926380.89 9350650.80 8864258.13 
𝑈𝑘𝑠,𝑚𝑎𝑥  31764418.85 31792212.71 31911329.29 

𝑍2 
𝑈𝑘𝑠,𝑚𝑖𝑛 305.5 275.3 261.6 
𝑈𝑘𝑠,𝑚𝑎𝑥  733.2 798.4 654.0 

𝑍3 
𝑈𝑘𝑠,𝑚𝑖𝑛 0 0 0 
𝑈𝑘𝑠,𝑚𝑎𝑥  149 170 184 
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Table 4 
 The resulțs of solving țhe proposed model  

Variable Value 

𝑍1 9251136.3 

𝑍2 275.7 

𝑍3 175 

𝑅𝑅1 1 

𝑅𝑅3 1 

𝐶𝐶2 1 

𝐶𝐶4 1 

𝐶𝐶5 1 

 
5.3. Sensitivity analysis 

5.3.1. Capacity 
 

Since capacity is one of the key parameters of the proposed 

model, in this section, we conduct a sensitivity analysis to 

observe its impact on the outputs. For this purpose, the 

suggested model is solved by considering various values for 

the capacity. In this way, Figure 2 depicts the outputs of the 

sensitivity analysis for the first objective function. As shown 

in this figure, increasing the capacity has a significant 

positive impact on the first objective function. Additionally, 

Figure 3 shows the changes in the second objective function 

according to changes in the capacity parameter. This figure 

indicates that by increasing the capacity parameter, Z2 has 

decreased. Eventually, Figure 4 illustrates the behavior of the 

third objective function due to changing the capacity 

parameter. Based on the results, by increasing the capacity 

parameter, Z3 has decreased. 

 

 
Fig. 2. Changes in Z1 due to changing the capacity parameter 

 

 
Fig. 3. Changes in Z2 due to changing the capacity parameter 

 

 
Fig. 4. Changes in Z3 due to changing the capacity parameter 
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5.3.2. Rate of recyclable waste 

To observe the role of 𝜇𝑡 in the research problem, a 

sensitivity analysis has been conducted in this section. In this 

regard, by considering different values for 𝜇𝑡, the suggested 

model is solved and the achieved results have been shown in 

Figure 5. As can be seen in Figure 5, when 𝜇𝑡 has increased, 

all objective functions have increased, too. Indeed, increasing 

𝜇𝑡 has a positive impact on Z1 and Z3 while has a negative 

impact on Z2. S 

 

 
Fig. 5. The behavior of the research problem due to changing 𝜇𝑡 

 
5.3.3. Robustness analysis 
 

In this section, a sensitivity analysis has been conducted on 

the robust penalty cost. In this regard, by considering 

different values for the 𝜋𝑖 parameter, the value of the total 

cost and the related penalty cost are analyzed. The achieved 

outputs are depicted in Figure 6. According to the outcomes, 

when the 𝜋 has increased, the total cost has risen too. 

However, by increasing 𝜋, the total penalty cost has reduced. 

Actually, the results indicate that increasing the 𝜋 parameter 

leads to ding the feasible solution space but increasing the 

total costs. Indeed, the expected total penalty cost (model 

robustness) has reduced by raising 𝜋 while the expected total 

cost (the solution robustness) has increased. 

 

 
Fig. 6. The resulțs of sensițivițy analysis on 𝜋  
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5.4. Performance of the Developed Stochastic CMCGP-UF 
 

In this section, the effectiveness of the developed solution 

approach is examined. In this way, we generate several test 

problems and solve them using the CMCGP-UF and the 

developed stochastic CMCGP-UF (SCMCGP-UF), and 

compare their results. In this regard, Table 5 presents the 

values of the objective functions of two methods. As shown 

in this figure, the developed method outperforms the 

traditional method because its objective function (total 

deviations) is less than the CMCGP-UF method in all 

instances

.  
Table 5 

Comparing the results of the CMCGP-UF and the developed SCMCGP-UF 

Test problem CMCGP-UF SCMCGP-UF 

1 0.284 0.267 

2 0.392 0.385 

3 0.573 0.528 

4 0.748 0.716 

5 0.943 0.925 

6 1.18 1.09 

Average 0.6866 0.6518 

 
5.5. Managerial Insights 
 

Sustainable waste management in the agri-food industry is 

essential for minimizing environmental impact while 

maximizing resource efficiency. The sector generates 

significant amounts of organic waste, including crop 

residues, food processing by-products, and unsold produce. 

To address these challenges, managers must adopt a holistic 

approach that integrates waste reduction strategies across the 

supply chain. This includes implementing practices such as 

precision agriculture to optimize input use, enhancing storage 

and transportation methods to reduce spoilage, and fostering 

partnerships with local organizations for food recovery 

initiatives. Another critical aspect of sustainable waste 

management involves the adoption of circular economy 

principles. This means transforming waste into valuable 

resources rather than viewing it as a burden. For instance, 

agri-food businesses can explore opportunities for 

composting organic waste or converting it into bioenergy 

through anaerobic digestion. By investing in technologies 

that facilitate these processes, managers can create new 

revenue streams while contributing to soil health and energy 

sustainability. Furthermore, promoting a culture of 

innovation within the organization can encourage employees 

to identify and implement creative solutions for waste 

repurposing. This research can provide a good perspective to 

agri-food industry managers to configure efficient waste 

chain networks for reducing the environmental impacts and 

also earning revenue from the collected waste. 

 

5.6. Theoretical implications 

 

In addition to the managerial insights, the theoretical 

implications of each academic article are critically important. 

In this regard, the main theoretical implication of this study 

is related to investigating the circular economy-based waste 

management problem for the Banana farms for the first time. 

In this regard, investigating circular economy-based waste 

management in banana farms has significant theoretical 

implications that extend our understanding of sustainability 

in agricultural practices. First, it challenges the traditional 

linear model of waste management, which typically 

emphasizes disposal and waste reduction. By adopting a 

circular economy framework, researchers can explore how 

agricultural waste can be transformed into valuable 

resources, thus promoting a more holistic view of resource 

utilization. This shift in perspective encourages the 

development of innovative practices that not only minimize 

waste but also enhance the overall efficiency of agricultural 

systems. The theoretical exploration of these practices can 

lead to new models that integrate waste management with 

production processes, fostering a more sustainable approach 

to agriculture. Second, this investigation contributes to the 

body of knowledge surrounding ecosystem services and their 

role in agricultural productivity. By examining how banana 

farm waste can be repurposed, such as through composting 

or biogas production, researchers can better understand the 

ecological benefits derived from waste management 

practices. This includes improved soil health, increased 

biodiversity, and reduced greenhouse gas emissions. The 

theoretical implications here extend to the broader discourse 

on agroecology and sustainable farming, as they highlight the 

interconnectedness of agricultural practices and 

environmental health. Such insights can inform policy 

decisions and guide future research on sustainable 

agricultural systems. 

 

6. Conclusions and Future Directions 

Sustainable agri-food waste management is important in 

today’s world because it minimizes environmental impact, 

conserves resources, reduces greenhouse gas emissions, 

enhances soil health, and promotes circular economy 

practices. Therefore, the current study addressed the waste 

chain configuration problem for banana farms with 

sustainable development pillars under uncertainty. To this 
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end, this work suggested a multi-objective mathematical 

model that optimized the sustainability dimensions. Then, to 

tackle the uncertainty, this study used an efficient approach 

called RFO. Also, to solve the suggested multi-objective 

model, this article developed a new solution method named 

stochastic CMCGP-UF. It should be noted that this study 

focused in a real-world case study in Iran. The obtained 

results showed that increasing the capacity parameter has a 

significant positive impact on the total profits and GHG 

emissions objective functions. Also, based on the achieved 

results, by increasing the rate of recyclable waste, the total 

profit has increased. Moreover, the outcomes demonstrated 

the efficiency and effectiveness of the developed solution 

method. Future studies can add other crucial dimensions like 

resilience and digitalization to the current work. Also, 

developing data-driven approaches by combining data 

mining and optimization methods to deal with uncertainty is 

another direction for future papers. Additionally, future 

researchers can develop metaheuristic algorithms to solve the 

proposed model on large-scale instances in a reasonable time. 
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