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Article information Abstract

Keywords: Designing distribution networks for perishable food products is a critical challenge
Distribution network design, in supply chain management due to product perishability, demand uncertainty, and
Supply chain, Uncertainty, product returns. This study develops a multi-objective mixed-integer linear
Perishable food products, programming model for designing a perishable food distribution network by
Goal programming, simultaneously considering economic, environmental, and social objectives. The
Augmented e-constraint proposed model aims to minimize total economic costs, fuel consumption, and

carbon emissions while maximizing employment opportunities and regional
development. To address uncertainty, demand uncertainty and product return rates
are incorporated into the model, and product lifetime is characterized using the
Weibull distribution. The proposed multi-period MILP model is solved using Goal
Programming (GP) and the Augmented e-Constraint (AUGMECON) method. The
performance of the solution approaches is evaluated based on the Mean Ideal
Distance (MID) metric. The applicability of the proposed model is demonstrated
through a real-world case study in Namino Food Industries. Computational results
indicate that AUGMECON outperforms GP by generating more efficient and well-
balanced Pareto-optimal solutions. Furthermore, sensitivity analysis reveals that
increasing demand and product return rates leads to higher total costs and greater
environmental impacts, whereas the social objective is affected only when
establishing a new production facility becomes necessary. The results also show that
the proposed model improves network performance through optimal facility
location, efficient product flow allocation, and appropriate vehicle selection, leading
to lower operational costs, reduced carbon emissions, improved service levels, and
enhanced social performance. Therefore, the proposed model provides an effective
decision-support tool for the strategic design and optimization of perishable food
distribution networks.
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    t  i p k j t =   𝜏  i j t ×   q  i p k j t ≤     l ~  p t  R


    𝒑  (   𝒕  𝒊 𝒑 𝒌 𝒋 𝒕 ≤     𝒍 ~  𝒑 𝒕  𝑹 ) ⁡ =   ∫    𝒕  𝒊 𝒑 𝒌 𝒋 𝒕 ∞      𝜷  𝒑 𝒕  𝑹    𝜹  𝒑 𝒕  𝑹    (   𝒙    𝜹  𝒑 𝒕  𝑹 )    𝜷  𝒑 𝒕  𝑹 − 𝟏


  𝒆 𝒙 𝒑  ( −    (   𝒙    𝜹  𝒑 𝒕  𝑹 )    𝜷  𝒑 𝒕  𝑹 ) 𝒅 𝒙


  𝒆 𝒙 𝒑  ( −    (   𝒙    𝜹  𝒑 𝒕  𝑹 )    𝜷  𝒑 𝒕  𝑹 ) 𝒅 𝒙


    𝑭      𝒍 ~  𝒑 𝒕  𝑹  (   𝒕  𝒊 𝒑 𝒌 𝒋 𝒕 ) =   𝒑  (   𝒕  𝒊 𝒑 𝒌 𝒋 𝒕 ≤     𝒍 ~  𝒑 𝒕  𝑹 ) = 𝟏 − 𝐞 𝐱 𝐩    ( −    (     𝒕  𝒊 𝒑 𝒌 𝒋 𝒕    𝜹  𝒑 𝒕  𝑹 )    𝜷  𝒑 𝒕  𝑹 ) ≤   𝜶  𝒑  𝑹


  𝒑  (   𝒕  𝒊 𝒑 𝒌 𝒋 𝒕 ≤     𝒍 ~  𝒑 𝒕  𝑹 ) = 𝟏 − 𝑷  (   𝒕  𝒊 𝒑 𝒌 𝒋 𝒕 ≤     𝒍 ~  𝒑 𝒕  𝑹 ) = 𝟏 −  ( 𝟏 − 𝐞 𝐱 𝐩    ( −    (     𝒕  𝒊 𝒑 𝒌 𝒋 𝒕    𝜹  𝒑 𝒕  𝑹 )    𝜷  𝒑 𝒕  𝑹 ) ) ≥ 𝟏 −   𝜶  𝒑  𝑹


  𝒆 𝒙 𝒑  ( −    (     𝒕  𝒊 𝒑 𝒌 𝒋 𝒕    𝜹  𝒑 𝒕  𝑹 )    𝜷  𝒑 𝒕  𝑹 ) ≥ 𝟏 −   𝜶  𝒑  𝑹
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    t  i p k j t ≤   𝛿  p t  R ×   −   l n ⁡   ( 1 −   𝛼  p  R )   𝛽  p t  R


    𝜏  i j t ×   q  i p k j t


    X  i p k j t


    q  i p k j t


    𝜏  i j t


    U  i k j t


  ∀   𝒋 𝝐   𝜾   .   ∀ 𝒕 𝝐 𝝍 .   ∀   𝒌 𝝐   𝜱 .   ∀   𝒊 𝝐   𝜟


    𝑼  𝒊 𝒌 𝒋 𝒕 ≥     ∑  𝒑 = 𝟏  𝑷    𝒘  𝒑 ×   𝑿  𝒊 𝒑 𝒌 𝒋 𝒕    𝒂  𝒌


  ∀   𝒋 𝝐   𝜾     .   ∀ 𝒕 𝝐 𝝍 .   ∀   𝒌 𝝐   𝜱 .   ∀   𝒊 𝝐   𝜟


    𝑼  𝒊 𝒌 𝒋 𝒕 <     ∑  𝒑 = 𝟏  𝑷    𝒘  𝒑 ×   𝑿  𝒊 𝒑 𝒌 𝒋 𝒕    𝒂  𝒌 + 𝟏
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