
1 INTRODUCTION 

All aspects of supply chain-related decisions 
can be related to the sustainable development 
of the supply chain. The decisions such as 
production planning, supplier selection, in-
ventory management, and transportation op-
timization have contributed to improving cost 
efficiency, environmental impact mitigation, 
and the well-being of stakeholder communi-
ties. At any rate, among the three pillars of 
sustainability, the social aspect is still relative-
ly underdeveloped. The development of indi-
cators and quantitative measures and their im-
plication in optimization modeling is still a 
research challenge to be addressed. The is a 
need for a systematic consideration and eval-
uation of the social impact, which can be clas-
sified into labor conditions, human rights, so-
ciety, and product/service responsibility 
(Bubicz et al., 2019). 

Inventory optimization is a critical supply 
chain management process, as its outcomes 
have a direct impact on a firm’s cash flow and 
customer service level. The role of inventory 
optimization in contributing to social sustain-
ability is an emerging research subject in sus-
tainable supply chain management, as dis-
cussed in the literature review section of the 
paper. 

Creating a firm’s social reputation is made 
by establishing the linkage between their in-
ventory’s service level and customer satisfac-
tion. This is rationale when considering cus-
tomers as the main stakeholder. To contribute 
to the field, this study develops a bi-objective 
inventory optimization model for perishable 
products. The development of an inventory 
plan for perishable products is a complex task 
as the plan needs to account for not only the 
shelf life but also the demand-fulfillment abil-
ity of the remaining products and waste gene.
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ration over time. We present the case where customers perceive the positive social impacts 
of inventory control that maximize the fresh-
ness of products at the point of their demand 
fulfillment. The key functions of our model 
are 1) the ability to track the remaining shelf-
life of products and 2) the incorporation of 
freshness-based social impact indicators in 
one of the two optimization objectives. The 
epsilon constraint method is used to generate 
the tradeoff solutions. The problem, model 
formulation, and analysis details are provided 
in the subsequent parts of the paper.  

The effects of changes in the products’ 
lifetime or freshness on supply chain perfor-
mance have been investigated by recent re-
search. Shirzadi et al. (2021) solve the inven-
tory routing problem where the quality decay 
of products and its consequence on custom-
er’s dissatisfaction cost is examined. Wei et 
al. (2020) consider a perishable product retail-
er where the time-varying freshness function 
is used. Their GA determines the optimal 
pricing and replenishment policy under the 
profit maximization objective. Chen et al. 
(2019) propose an approach capable of deter-
mining the optimal replenishment and pricing 
policies for short-life products with a random 
lifetime due to deterioration. They introduce 
the case where the deterioration rate is a func-
tion of the inventory level. Sebatjane and 
Adetunji (2020), Shen et al. (2020); Hashemi 
et al. (2020) present an inventory management 
model, capable of handling freshness- and 
price-dependent demand, for a perishable 
product supply chain. 

While the effects of product deterioration 
on cost are commonly investigated, carbon 
emission is another interesting aspect of the 
effects explored by previous studies. Yavari 
and Zaker (2019) develop a network design 
approach for the perishable products supply 
chain. The cost and carbon emission impacts 
associated with the changes in the products’ 
lifetime under the disruption condition are 
evaluated. Yu et al. (2020) consider the car-
bon emission due to the storage of perishable 
products over their lifetime in their inventory 
management approach. 

There is a limited study that actually em-
beds product freshness or consumer’s fresh-

ness perception within supply chain optimiza-
tion objectives, mainly to explore the social 
sustainability design. These studies recognize 
consumers as the primary stakeholder and aim 
to strengthen the underdeveloped social sus-
tainability pillar. Yakavenka et al. (2020) in-
corporate product freshness into their socially 
responsible network design goal. Their goal-
programming model encompasses the goal 
that ensures the fresh deliveries of food prod-
ucts through the selection of transportation 
modes, facility location selection, and product 
flow determination. Liu et al. (2021) develop 
a sustainable supply chain management model 
that simultaneously considers the cost, carbon 
emissions, and freshness of perishable prod-
ucts. Jouzdani and Govindan (2021) demon-
strate using their sustainable food supply 
chain network design approach that compre-
hensively considers the three pillars of sus-
tainability. However, the social impact con-
sidered is related to the traffic congestion 
caused by the network design, not the fresh-
ness of products.  

A research needs to integrate the interac-
tion between product freshness and social sus-
tainability into inventory optimization and 
supply chain management. Therefore, this 
study develops an inventory optimization 
model that focuses on tracking and maximiz-
ing the freshness levels and the amount of the 
perishable inventory that fulfills demand.  The 
freshness satisfaction objective is formulated 
in terms of freshness loss minimization. The 
traditional cost and profit consideration is also 
made. The problem description and model 
formulation are presented next. 

2 RESEARCH METHODS 

The case of a perishable product distributor is 
considered in this study. The distributor needs 
to fulfill customer demand over a planning 
horizon of 14 periods. The decisions of how 
much and when to replenish the inventory are 
to be made. The replenishment cost, including 
ordering cost and product cost per unit, is lot-
size dependent. Three lot sizes are assumed, 
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namely small (500 units), medium (1,000 
units), and large (2,000 units). Larger lot sizes 
are assumed preferable for cost minimization 
due to the much smaller cost per unit. Howev-
er, smaller lot sizes are assumed to be more 
favorable when maximizing the freshness of 
products. There is also a lower chance of hav-
ing expired inventory and waste when order-
ing smaller lot sizes. The freshness-level val-
ues of products over the remaining shelf life 
period are assumed to be known. The life of a 
product is three periods. In addition to the re-
plenishment cost, inventory cost and waste 
disposal cost are also taken into account. The 
problem will be solved using the proposed in-
ventory model, consisting of two objectives. 
The analysis of single-objective and bi-
objective scenarios is provided. 

2.1 The assumption 

This study considers the inventory optimiza-
tion problem for one product over 14 periods 
(T). The mathematical model is developed 
based on the following assumptions: 

- There is no initial inventory.
- The distributor can place one order per

period.
- The distributor receives the product at

the end of the ordering period.
- The customer demand is satisfied at

the end of the period.
- The remaining inventory is computed

at the end of each period
- The expired product (remaining life is

zero) becomes waste and cannot be
used for demand fulfillment

2.2 Indices and parameters 

The indices, and parameters, embedded in the 
mathematical model, are presented as follows 

* Indices

T Number of periods 
L Number of order levels 
S Number of product’s shelf life 
t Index for period (t = 1, 2, … , T) 
l  Index for ordering level (l = 1, 2, … , L)

s Index for product’s shelf life (s = 0,1,..,S) 

* Parameters

tDe The customer demand at period t 

tStCap The storage capacity of the distribu-
tor at period t 

Weight The disposal weight per unit of the 
product 

tSaP The sale price per unit of the product 
that the customer needs to pay at pe-
riod t 

ltPC The product replenishment cost (per 
unit) at period t, lot size l 

tIC The inventory cost per unit of the 
product at period t 

lOC The ordering cost corresponding to 
ordering lot size l for the order 
placed by the distributor 

DC The disposal cost when the shelf life 
of the product equals 0 

lOS The number of products correspond-
ing to the ordering lot size l 

stFL The percentage of the freshness lost 
at different remaining shelf life s and 
period t 

BigM A huge number 

2.3 Decision variables 

ltOA The number of products in the order 
placed by the distributor at period t 

ltYO This binary variable stands for 
whether the company places an or-
der of level l at period t. When the 
value is 1, the company places an 
order, otherwise, the value is 0. 

stIA The number of products in the in-
ventory with the remaining shelf life 
s at period t 

stX This binary variable represents the 
availability of the inventory in a 
specific shelf life s. The value is 1 
when there is some inventory with 
the remaining life s at period t. Oth-
erwise, the value is 0. 

Prst The percentage of the customer de-
mand fulfilled by the product with 
remaining shelf life s at period t 
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TWei The total weight of expired products 
over planning horizon T 

2.4 Single Objective Optimization 

* Single objective functions

The model includes two objective functions, 
which are profit maximization (the first objec-
tive) and freshness loss minimization (the 
second objective).  

The 1st objective – Maximization of profit 
(TP):  

Objective: Max TP

The total profit based on the revenue and 
costs is shown in (1). The total revenue 
( )TRev  as shown in (2) is the total monetary 
gained from selling the product to customers 
over the 14 periods. The total cost (TCost)  
presented in (3) is the sum of the product cost, 
ordering cost, inventory cost, and waste dis-
posal cost. 

= (1)TP TRev - TCost

= * (2)t t

t T

TRev SaP De




( 0)

= * * (3)

* * *

lt lt l lt

l L t T l L t T

t st s t

s S t T t T

TCost PC OA OC YO

IC IA DC Weight IA

   



  



 

 

 

The 2nd objective – Minimization of freshness 

loss (TFL):  

Objective: Min TFL

The model expects to provide fresh products 
to customers. The total freshness loss (TFL) 
can be computed using (4).   

= * (4)st st

s S t T

TFL FL IA
 



 

* Constraints

The models with the single objective optimi-
zation must satisfy the following constraints. 

1 (5)lt t st

l L s S

OA De IA t
 

   

( 1)

1

1 (6)
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lt s t t st

l L s s S

OA IA De IA t
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* , (15)st stIA X BigM s t  

, (16)st stIA X s t  

( 2)1 (17)(s=3)t s tPr X t  
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, 0, Integer (21)

0 (22)

and are binary variables , , (23)

lt st

st

lt st

OA IA

Pr

YO X l t ts





  

Constraints (5) and (6) indicate that all the 
customer demands are satisfied at the end of 
each period. The customer demand depends 
on the ordering amount and the inventory 
amount. The ordering amount complies with 
the lot size order policy shown in constraint 
(7). The distributor is unable to place more 
than one order each period as presented in 
equation (8). Constraints (9), (10), and (11) 
are inventory constraints. The inventory 
amount at different remaining shelf life is 
controlled by constraints (9) and (10). There 
is no initial inventory, enforced by constraint 
(11). The stPr is the proportion of customer 
demand fulfilled by the product with the re-
maining shelf life s at period t. The summa-
tion of stPr value in shelf life 1 to 3 at period t 
is 1, as shown in constraint (12). Products 
with the remaining life of 0 cannot be used to 
fulfill customer demand. Thus, the stPr with 
shelf life s = 0 must be 0, by constraint (13). 
Consequently, these products become waste 
and incur waste disposal costs, which can sig-
nificantly affect the first objective value. Con-
straint (14) makes sure that the total inventory 
amount in every shelf life s does not exceed 
the distributor’s storage capacity at period t. 
In this regard, the model prioritizes to use 
older inventory to meet customer needs, 
which is restricted by constraints (15) to (19). 
Constraints (15) and (16) present that the 
newer inventory can be used to fulfill the de-
mand only when the older inventory is insuf-
ficient. Constraint (20) allows the model to 
compute the total weight of expired products 

at the end of the planning horizon T. Finally, 
constraints (21) – (23) are non-negativity, in-
teger, and binary constraints, respectively. 

2.5 Bi-Objective Optimization 

To deal with the multi-objective, the model 
applies the Epsilon constraint method 
(Andersson, 2001). For the Epsilon constraint 
method, the Profit Maximization is selected 
for optimization. Additionally, there is an ad-
ditional constraint (24) that limits TFL to be 
less than a constant (eps) as follows: 

Objective: Max

Subject to: Equation (5) (23)

* (24)st st

s S t T

TP

FL IA eps
 





3 RESULTS AND DISCUSSION 

This section shows the results obtained from 
both the single-objective and multi-objective 
models. The IBM CPLEX software is used in 
this study. Furthermore, the tradeoff solutions 
between the two objectives are attained using 
the Epsilon constraint method and Pareto 
chart analysis.  

* The result of single-objective model

Table 1 exhibits the demand, ordering (replen-
ishment) amount, and the remaining inventory 
with different shelf life across 14 periods. The 
customer demands are fulfilled by older in-
ventory first. There is waste generated at peri-
ods 4 and 11.
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Table 1. The amount of demand, replenishment, and remaining inventory (in unit) 

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Demand (unit) 800 300 500 200 250 300 600 208 209 210 400 600 550 210 

Ordering amount 2000 0 0 500 0 1000 0 500 0 0 1000 0 1000 0 

Remaining amount of product with a different shelf life 

Shelf life = 0 0 0 0 400 0 0 0 0 0 0 23 0 0 0 

Shelf life = 1 0 0 400 0 0 0 0 0 0 23 0 0 0 0 

Shelf life = 2 0 900 0 0 50 0 150 0 233 0 0 0 0 240 

Shelf life = 3 1200 0 0 300 0 750 0 442 0 0 600 0 450 0 

Table 2. The total profit and freshness score 

Max Profit 
Min Fresh-

ness Loss 
Bi-obj 

Profit 
83,165.40 62,980.53 75,573.87 

Fresh-

ness 

Loss 1,191.00 200.70 200.70 

Small 2 times 7 times 3 times 

Medium 3 times 3 times 4 times 

Large 1 time 0 time 0 time 

Table 2 shows the total profit and freshness 
score of single-objective scenarios and a bi-
objective scenario. The profit maximization 
objective results in the highest profit. 
However, the freshness loss is the highest 
among the scenarios. The replenishment relies 
more on smaller lot sizes for the freshness 
loss minimization to feed customers with 
fresher products. Under the bi-objective 
scenario, we select the Pareto solution S2 
from Figure 1. This solution also offers the 
minimum freshness loss at a reasonably high 
profit, compared to the other scenarios. The 
planners can observe and select their preferred 
solutions based on their desirable profit and 
freshness loss levels.   
* The results of multi-objective model

Figure 1. The Pareto chart showing the tradeoff be-

tween profit and freshness loss 

It is worth noting that the main scholarly con-
tribution of this paper is related to the consid-
eration of freshness loss. Minimizing the 
products’ freshness loss surely contributes to 
the improved well-being of customers, who 
are regarded as the main stakeholder. The 
model formulation that enables the tracking of 
remaining inventory with different shelf-life is 
another highlight of this work. The future 
study can focus more on the waste issue. 
Freshness satisfaction and waste consideration 
can be integrated into the waste-oriented sus-
tainable supply chain management frame-
works (Olapiriyakul, 2017, Bubicz et al., 
2019, Olapiriyakul et al., 2019). This would 
allow us to engage in a more comprehensive 
social sustainability scope. There can be mul-
tiple locations of distribution points. The 
scope of decision makings can cover both in-
ventory and network design. It would be in-
teresting to consider the solid waste burden is-
sues caused by the inventory of food and 
other perishable products. 
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