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HIGHLIGHTS GRAPHICAL ABSTRACT

® A sequential optimization—simulation
framework was developed to assess
supply chain resilience.

® The combined strategy achieved the
best financial performance among
recovery policies.

® A gap between planned and realized
performance was identified.
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This study presents a sequential optimization—simulation framework for
evaluating the resilience of a polypropylene-based plastic-products supply
chain under a severe supply disruption. A multi-period mixed-integer linear
programming (MILP) model is developed over a 24-month horizon, with the
primary supplier becoming unavailable from period four in the base stress
scenario. The model selects among the reconstruction of the disrupted
primary supplier, the activation of a backup supplier, the pre-positioning of
plant-level strategic inventory, and a combined policy consisting of backup
sourcing and strategic inventory. In addition to an unrestricted run for
endogenous strategy selection, the model is solved under six predefined
configurations: normal operations, no recovery, seven-month
reconstruction, backup supplier, strategic inventory, and combined
strategy, enabling comparison of their planned performance. The strategic
decisions from each configuration are then transferred to a discrete-event
simulation model developed in AnyLogistix, without imposing the
deterministic flows generated by the MILP model. The simulation evaluates
realized performance under stochastic demand, transportation times, an
(s,S) inventory policy, implementation delays, and dynamic inventory
behavior. Ten independent replications are conducted for each scenario, and
differences in mean profit are assessed using Welch’s one-way ANOVA and
the Games—Howell post hoc test. The unrestricted MILP model selects the
backup supplier, yielding a planned profit of 1,134.091 billion tomans and a
100% service level. Simulation results show that the absence of a recovery
strategy reduces the mean profit by 72.14% relative to normal operations.
The combined strategy achieves the best financial performance among
recovery policies, with a mean profit of 926.680 billion tomans, recovering
74.29% of the lost profit. These findings show that the strategy with the
highest planned performance may not yield the best realized outcome;
combining optimization-based policy selection with dynamic simulation
therefore provides a complementary basis for comparing planned and
realized performance.
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1. Introduction

The importance of supply chains has grown
significantly in recent decades. Increasing
competition in delivery time and rising customer
expectations have encouraged companies to adopt
advanced logistics strategies and agile supply chain
practices (Tavakkoli et al., 2027). Supply chains in
the plastic sector in developing countries have
increasingly faced multifaceted, prolonged, and
layered disruptions. Unlike short-term, localized
problems that are typically resolved through buffer
inventory, rescheduling, or limited transport
changes, composite situations can affect the
availability of feedstock, production capacity,
mobility facilities, delivery time, logistics costs, and
market stability (Hughes et al., 2023). Under such
conditions, supply chain vulnerability cannot be
attributed solely to a single node or route; rather, it
arises from interdependencies among inventory,
sourcing, transportation, capacity, and policy
response decisions. The supply chain risk
management literature indicates that focusing
exclusively on efficiency under normal operating
conditions, without considering resilience, can create
structural vulnerability in turbulent environments
(Katsaliaki et al., 2022).

The plastics industry provides a clear illustration of
this vulnerability, especially in countries where much
of the value chain relies on petrochemical materials.
In this setting, limited access to basic polymers can
rapidly reduce production, lower service levels,
increase lost sales and unmet demand, and raise
transportation costs. These characteristics make
plastic-products supply chains a relevant context for
examining both robustness and viability (Raghuram
& Jawahar, 2021). Traditionally, resilience was
largely understood as the ability of a supply chain to
return quickly to its pre-disruption state. More recent
studies, however, suggest that under severe and
prolonged shocks, the challenge extends beyond
recovery to the maintenance of survival and service
continuity, even when the original supply chain
structure cannot be fully restored (Graveline &
Germain, 2022).

The specific characteristics of the plastics industry-
including its dependence on petrochemical
feedstocks, customers’ sensitivity to delivery times,
and the relatively low value-to-weight ratio of its
products-make its supply chains particularly
vulnerable. Any interruption in access to base
polymers, such as polypropylene, can halt production
in the short term and rapidly deplete available
inventory. Supply risks have intensified as crises such
as earthquakes, the COVID-19 pandemic, and the
Russia—Ukraine ~war have coincided with
transportation disruptions and higher customs
tariffs, increasing the cost and lead time of raw-
material procurement (Guo et al., 2025). Moreover,
the geographical concentration of production
facilities and heavy reliance on a single supplier can

allow a disruption at one facility to interrupt raw-
material flows across the network. The present study
examines this vulnerability through an interruption
in polypropylene supply.

Optimization and discrete-event simulation play
complementary roles in this study. The MILP model
determines the economically preferred recovery
policy and a reference plan under expected demand,
while anyLogistix evaluates the same strategic
configuration under stochastic demand,
transportation lead times, inventory rules, and
implementation delays. This sequential structure
enables comparison of planned and realized
performance (Ivanov, 2025), building on simulation-
based approaches to assessing disruption-mitigation
strategies (Kamalahmadi & Parast, 2017).

This study makes three contributions. First, the MILP
model is solved both with fixed policy configurations
and with unrestricted strategic decisions, thereby
endogenously selecting the economically preferred
recovery policy. Second, only the strategic
configuration is transferred to the simulation;
deterministic material flows remain planned-
performance benchmarks. Third, planned and
realized performance are reported separately, and
differences in policy rankings are examined using
independent simulation replications and statistical
tests. The contribution, therefore, lies in the explicit
division of roles between the two models and the
quantification of the planning—execution gap in the
case study, rather than in combining optimization
and simulation.

The remainder of the paper is organized as follows.
Section 2 reviews the theoretical background and
related studies. Section 3 presents the problem,
decision-making context, and mathematical model.
Section 4 describes the case study, model verification,
and experimental design. Section 5 reports the
optimization and simulation results, followed by the
economic sensitivity analysis in Section 6. Sections 7
and 8 present the managerial implications and
conclusions, respectively.

2. Methodology

A sequential optimization—simulation framework
was developed to evaluate recovery policies in a
polypropylene-based plastic-products supply chain.
The intended user is the manufacturer’s planning
and procurement unit, which coordinates sourcing,
inventory, production, and distribution decisions.
The framework supports contingency planning
before disruption and updating the plan after
disruption-specific information becomes available.
Company records and expert interviews provided the
case-study inputs. The company identity was
anonymized, and selected commercial values were
rescaled while preserving the network structure and
parameter relationships. The MILP model covers a
24-month horizon and maximizes total supply chain
profit, defined as sales revenue minus the costs of
procurement, production, transportation, inventory
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holding, lost sales, and recovery policy. Strategic
decisions concern reconstruction, backup supplier
activation, and strategic inventory levels; tactical
decisions  concern  procurement, production,
transportation, inventory, distribution, and demand
fulfillment. Here, reconstruction refers specifically to
restoring the primary supplier’s physical capacity,
whereas recovery refers to restoring overall supply
chain performance.

In the base-stress scenario, the primary supplier’s
available capacity falls to zero starting in period four.
A complete shutdown is treated as a conservative
stress-test assumption, and the timing of disruption
is an exogenous input rather than a model prediction.
Reconstruction is not combined with backup
sourcing or strategic inventory, whereas the latter
two policies may be used jointly. Strategic inventory
is pre-positioned at the plant, assumed fully
accessible after disruption, and released only after
disruption begins. Unmet demand is treated as lost
sales and is not carried forward. Raw-material
transportation is represented by the number of 24-
ton containers. The MILP model was implemented in
Python using Pyomo and solved with HiGHS. One
unrestricted run selected the economically preferred
policy endogenously. Additional runs fixed the
strategic decisions separately for six configurations:
normal operations, no recovery, seven-month
reconstruction, backup sourcing, strategic inventory,
and combined backup sourcing and strategic
inventory.

The same configurations were implemented in
anyLogistix 3.0.1 using a common network structure,
initial conditions, and baseline parameters. Only the
strategic configurations were transferred; the MILP
model’s deterministic monthly flows were not
imposed on the simulation. The simulation
generated operational flows under stochastic
demand, transportation lead times, an (s,S) inventory
policy, and implementation delays. At the
simulation’s daily resolution, disruption was
scheduled for the third day of the fourth month. Its
onset and initial severity were held fixed across all
disrupted configurations. Carbon emissions were
evaluated as a complementary simulation indicator
and were excluded from the MILP objective.
Implementation was checked through flow and
inventory balances, unit consistency, extreme-case
tests, and alignment of the two models’ network
structures and initial conditions. Normal operations
were used for baseline calibration. The no-recovery
configuration, which was not used for calibration,
produced a 1.48% profit difference between the
models, providing preliminary evidence of structural
consistency. This comparison does not constitute
independent empirical validation.

A balanced one-factor experiment compared the six
configurations with ten independent replications per
configuration, yielding 60 simulation runs. Realized
profit was the primary response; inventory
availability, service level, expected lead-time service
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level, and carbon emissions were complementary
indicators. Means, standard deviations, coefficients
of variation, and 95% confidence intervals were
calculated. Normality and homogeneity of variance
were assessed using the Shapiro-Wilk and Levene
tests. Because variance homogeneity was rejected,
Welch’s one-way ANOVA and the Games—Howell
post hoc test were used at a significance level of 0.05.

3. Results and Discussion

In the unrestricted MILP run, the backup-supplier
policy was selected as the economically preferred
strategy. This policy generated a planned profit of
1,134.091 billion tomans and a planned service level of
100%. Nevertheless, its objective value was only
approximately 0.017% higher than that of the
strategic-inventory policy, indicating that the
optimization-based policy selection is sensitive to
relatively  small changes in  procurement,
transportation, customs, activation, and inventory-
holding costs.

The simulation results reveal substantial differences
among the six operational configurations. Under
disruption without recovery, the mean realized profit
decreased from approximately 1,137.663 billion
tomans under normal operation to 316.995 billion
tomans, representing a 72.14% reduction. The end-
of-horizon  service level also declined to
approximately 23%, underscoring the severe
operational vulnerability resulting from complete
dependence on the primary polypropylene supplier.
Among the recovery strategies, the combined
backup-supplier—strategic-inventory policy achieved
the highest mean realized profit, at 926.680 billion
tomans, recovering 74.29% of the profit lost under
the no-recovery configuration. Its mean realized
profit exceeded that of the backup-supplier policy
selected by the unrestricted MILP by 21.085 billion
tomans, or 2.33%. The combined policy also
maintained a service level close to 100% in the
simulated base case. This ranking applies to the
examined parameters and disruption profile and
should not be generalized to all disruption
conditions.

The seven-month reconstruction policy generated a
mean realized profit of 832.759 billion tomans, but
service performance deteriorated during the repair
period. By the end of the simulation horizon, its
service level and expected lead-time service level
reached approximately 56% and 62%, respectively.
Under the strategic inventory policy, the mean
realized profit was 607.496 billion tomans. Its service
level initially declined to approximately 75% and
subsequently improved to about 91%, while the
expected lead-time  service level reached
approximately 96%. These results illustrate the
different financial and operational consequences of
the recovery policies.

Welch’s one-way analysis of variance indicated that
the operational configuration had a statistically
significant effect on realized profit (p<0.001). The
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Games—Howell post hoc comparisons also showed
statistically significant differences among all pairs of
scenarios. Therefore, the observed differences in
performance cannot be attributed solely to random
variation across the simulation replications.

Carbon emissions were similar across the active
recovery strategies and generally remained within
approximately 1% of the normal-operation level. The
substantially lower emissions observed under the no-
recovery configuration were caused by reduced
production and transportation activity and should
not be interpreted as an improvement in
environmental  performance. The  economic
sensitivity analysis showed an approximately linear
increase in profit as selling prices increased, with
demand and other operating costs held fixed. In
contrast, inventory availability varied non-
monotonically with demand, underscoring the
importance of reviewing inventory control policies
alongside production and sourcing capacity.

4. Conclusions

This study developed a sequential optimization—
simulation framework for assessing recovery policies
in a polypropylene-based plastic-products supply
chain under severe supply disruption. The
unrestricted MILP selected backup sourcing, with a
planned profit of 1,134.091 billion tomans and a
planned service level of 100%. Its profit advantage
over strategic inventory was only approximately
0.017%, suggesting that the economic ranking may
be sensitive to small changes in cost parameters.
Across 60 simulation runs, disruption without
recovery reduced mean profit by 72.14% relative to
normal operations. The combined backup-supplier—
strategic-inventory policy achieved the highest mean
realized profit among recovery policies, at 926.680
billion tomans, and recovered 74.29% of the lost
profit. Backup sourcing ranked next, followed by
seven-month reconstruction and strategic inventory.
Welch’s ANOVA and the Games-Howell test
identified statistically significant differences among
the configurations.

The difference between the optimization and
simulation rankings demonstrates that the policy
with the highest planned profit need not deliver the
highest realized profit. The framework’s main
contribution is the explicit connection between
endogenous  policy selection and dynamic
operational evaluation, allowing the planning—
execution gap to be quantified. Managerial decisions
should therefore consider profit alongside service
levels, response times, implementation feasibility,
and carbon emissions. The findings and policy
ranking remain conditional on the base-case
assumptions.

The study is limited to a single supply chain and a
single principal disruption profile. Reconstruction
duration, backup capacity, and strategic inventory
settings were specified in the scenario design. Future
research could develop stochastic or robust

formulations to account for uncertainty in the
severity and duration of disruptions, examine
simultaneous disruptions across multiple nodes,
further investigate inventory sizing and backup
capacity, incorporate partial backordering, and
establish an iterative feedback mechanism between
optimization and simulation.
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Figure 2. Supply chain network structure across all scenarios.
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Table 2. Input parameters of the simulation model
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Table 3. Transportation costs of routes and vehicles used
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Table 4. Production rate and production cost of plastic products
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Table 5. Required amount of polypropylene for each product
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Table 6. Inventory control policy for the facilities of the supply chain
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Table 7. Structure of the simulation experimental design
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Table 9. Descriptive statistics of the profit of the simulated scenarios
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Figure 3. Available inventory levels for the scenarios considered.
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Figure 4. Service level and expected-delivery-time-based service level of the scenarios considered.
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