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Abstract: The COVID-19 pandemic and the Russian–Ukrainian war have significantly impacted
global supply chains, including the food supply chain, in numerous countries. As one of the leading
wheat importers, Egypt has been adversely affected by the simultaneous occurrence of these two
events. Baladi bread is an integral part of the daily diet in Egypt, so any disruption affecting its
availability can have a severe impact on the country’s food security. This study aims to simulate
the causes and effects of potential disruptions that could occur, such as increased transportation
time, unavailability of sourcing, and surge in demand due to lockdowns and panic buying. The East
Cairo region was chosen as a case study to model the Baladi bread supply chain. A discrete-event
simulation model was developed using anyLogistix software (version 2.15.1) for this study. Five
key performance indicators were selected to evaluate, analyze, and compare the outcomes of each
scenario in terms of the performance and operation of the food supply chain: service level by product,
lead time, demand backlog, average daily available inventory in the mills, and on-hand inventory
of wheat in the silos. The results indicate that the supply chain has been significantly impacted
by the disruptions caused by these two events, leading to decreased availability of Baladi bread,
unmet demand, extended lead times, and high backlogs. By utilizing the research findings, proactive
strategies can be developed to minimize the impact of such disruptions in the future and maximize
food security and supply chain resilience.

Keywords: food supply chain; COVID-19; Russian–Ukrainian war; bread; simulation; service level

1. Introduction

Modern supply chain networks consider sustainability as one of the primary focuses
in managing supply chains [1]. The triple bottom line of sustainability that incorporates
environmental, economic, and social performance indicators [2,3] is being highly impacted
by recent and consecutive global supply chain disruptions that lead to major economic and
social effects. In 2019, the world was hit by the COVID-19 pandemic, which spread world-
wide, affecting the lives of millions of people across the globe [4]. Over history, several
pandemics have broken out and resulted in high mortalities, and they have contributed to
changing many aspects of civilization [5]. Many countries around the world implemented
strategies to slow the virus’ spread, such as prohibiting the gathering of people, travel
restrictions, shifting towards online education and working from home, and, finally, quar-
antine lockdowns [6,7]. However, lockdown, though one of the counter measures against
the pandemic, cost countries many losses and led many people to lose their jobs, which
increased unemployment levels [8]. Measures taken against the pandemic led to disrup-
tions in the economic situation and the lives of people in many countries. The disruptions

Sustainability 2024, 16, 994. https://doi.org/10.3390/su16030994 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su16030994
https://doi.org/10.3390/su16030994
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-6410-3848
https://orcid.org/0000-0001-9281-1967
https://orcid.org/0000-0002-9891-0314
https://doi.org/10.3390/su16030994
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su16030994?type=check_update&version=1


Sustainability 2024, 16, 994 2 of 19

were not caused only by these lockdowns but were also due to the lockdowns in major
countries such as China, which is considered a critical contributor in the global supply
chain [9]. China is also known as the factory of the world; more than 50,000 companies
around the world have at least one Tier 1 supplier in the region impacted by the pandemic
in China, and at least five million companies have one or more Tier 2 suppliers in the same
region [10]. The risk of such a pandemic, in terms of impact, was almost unforeseen for
most of the companies; thus, supply chains were subject to major disruption in different
industries [11]. COVID-19 took its toll on the economy as it affected many sectors; some of
these sectors are agriculture and food, petroleum and oil, manufacturing, education, the
financial industry, tourism and aviation, real estate and housing, the sport industry, and
many others [12,13]. Food sector resilience is critical for ensuring the safety and security of
the global food system [14] and COVID-19 caused big disruptions in this sector in terms
of both production and demand; these consequences are due to the regulations imposed
by many governments on logistics, workers, and facilities [15]. Although such regulations
were imposed to contain the pandemic’s spread, they also caused a significant reduction in
production rates and resulted in a decrease in household incomes. Moreover, they caused
an increase in the global prices of essential food commodities such as rice, wheat, and corn,
among others. Some of the developing countries located in Africa were more affected by
the situation due to their fragile food security systems [16].

Making the situation more complex, The Russia–Ukraine war started in February 2022.
Both countries are among the biggest suppliers of food and agricultural commodities, such
as wheat, corn, and vegetable oils; moreover, Russia is a major supplier of fertilizers. All
these causes led to a surge in international food prices and a rise in the import costs of food,
which greatly affected countries with high reliance on food imports. It is estimated that
the increase in the global import bill was 10%, and the agriculture import bill reached 48%,
directly affecting the local cost of food [17]. Food prices were already above the normal
values due to the COVID-19 pandemic, and the further increases due to the war caused a
heavy burden in many countries [17,18].

The Middle East and North Africa (MENA) region concentrates considerable effort
on agricultural development; however, it still depends on importing around 50% of its
calories for consumption, and this condition increases its vulnerability to crises. Due to
the lockdown and the restrictions on global transportation during COVID-19 time, many
countries in the MENA region suffered from food crises. Also, instabilities in some of
the countries in the region caused parts of the population to seek refuge in neighboring
countries. Egypt is the world’s largest importer of wheat [19], and, thus, it is one of
the countries that was most heavily exposed to the double impact of the pandemic and
the Russian–Ukrainian war, alongside experiencing other economic issues that led to an
increase in wheat prices of around 20% [20]. In addition, critical sectors such as tourism
were impacted, leading to sizable losses of income and increased poverty [21]. The Egyptian
government took many actions to secure the domestic food market, some of which involved
importing sufficient quantities of commodities such as wheat, corn, and soybean, increasing
the agricultural area for planting wheat, and investing in small and medium enterprises to
reduce the unemployment [22]. Egypt is susceptible to such demand shocks due to its high
imports of food and the prevalent poverty rate that makes it hard for people to adapt to the
increase in prices [23].

Since the outbreak of the pandemic, many researchers have investigated its impact
on different sectors, including supply chains. However, studies on such topics in the
MENA region countries are still limited, mainly due to the scarcity and unavailability of
data. Thus, this study seeks to investigate the impact of both COVID-19 and the Russian–
Ukrainian war on the bread food supply chain in Egypt as it is the most strategic food
in the country. In particular, the present work focuses on the Baladi bread, one of the
most important food products in Egypt and, thus, one of the most strategic and critical
food supply chains in the country. We note that, although regional differences within the
Mediterranean area exist, food consumption is a distinctive feature of regional character,
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and the Mediterranean countries often count cereals as their basic ingredient, especially in
the Southern Mediterranean countries and in the Balkan countries [24,25].

In this work, the following research questions are addressed:

RQ1: What are the impacts of disruptions on the agri-food sector and on the food supply chain?

RQ2: How can simulation be used to model disruption in the food supply chain?

The remainder of the paper is organized as follows: Section 2 gives a literature review
of the previous works on disruptions in food supply chains. In Section 3, the problem is
described, and the methodology of the simulation is given. Section 4 gives the results and
analysis, and Section 5 gives discussion and implications. Finally, conclusions are given in
Section 6.

2. Literature Review
2.1. Disruptions in Food Supply Chain

Disruptions in food supply chains have been a significant concern, especially during
the COVID-19 pandemic. Many vulnerabilities in food supply chains were exposed due to
several economic, political, and infrastructural factors [26]. The agri-food sector has faced
negative impacts due to disruptions in demand, supply, transport, and the operability of
nodes [27]. These disruptions have led to a focus on dealing with the consequences of the
pandemic, potentially weakening the adoption of sustainable initiatives in the agricultural
sector [28]. To mitigate the impacts of disruptions, it is crucial to enhance food supply chains
with strategies such as multi-level processing to increase safety stocks [29]. Additionally,
the resilience of food supply chains can be improved by developing orchestration capa-
bilities and implementing effective supply, transportation, and logistics management [30].
Understanding the relationship between supply chain performance measures, supply chain
resilience, and sustainable corporate performance is essential for mitigating disruptions
and improving the overall performance of food supply chains.

The agriculture sector has faced huge problems since the beginning of the pandemic.
Agriculture around the world still depends on human labor, especially for fruit and veg-
etable crops which require humans to perform tasks like planting and harvesting. In some
countries, labor is not available locally and is brought from the nearby countries. For
example, the United Kingdom faced a problem after the beginning of the pandemic in that
most of its planted crops required around 90,000 working hands to be harvested or they
would be wasted. The UK usually gets labor from Eastern European countries and due to
the lockdown it was hard for them to move freely [31,32]. The lack of labor is not the only
problem agriculture faces as it also struggles due to the lack of necessary fertilizers, which
are mainly produced in China [33].

People felt fear for their own welfare and turned to panic buying and stockpiling
large quantity of provisions that were required on a daily basis. Food products, especially
those with long expiration dates, witnessed huge increases in sales, which resulted in
many markets shelfs being emptied and raised concern among other group of citizens
who could not afford forward buying. Some countries implemented some measures to
prevent panic buying, such as extending the delivery time allowed for retailers during the
night so they would be able to provides markets with the required stock. Moreover, some
countries, such as the UK, provided free meals to families with low income, the elderly,
and school children. Food stores also took measures to minimize this phenomenon by
putting limitations on the amount a single shopper could buy and allocating fixed slots for
the elderly to shop [34]. The same period witnessed a huge increase in online shopping,
especially for food providers, in order to minimize human contact. Some of the online
service providers used drones as a delivery method for fast reach and safety purposes [35].

In the United States, food supply chain workers, whose jobs involved production,
processing, distribution, and delivery, were exempted from the lockdown decision as
they were considered a critical type of labor. Safety precautions were implemented to
ensure the safety of those workers, especially those involved in indoor jobs. However,
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other food service industries, such as restaurants, were considered unessential and the
government decided to shut them down or reduce their working hours, which led to a rise
in unemployment levels and made the customers who depended on the meals from food
service industries prepare their own meals at home, decreasing the amount of money spent
by them on dining out, which caused huge financial loses for this sector [35,36]. Despite the
extreme safety measures in industrial facilities, cases of infection occurred in some meat
packaging and food processing plants, which led to temporary closure causing a ripple
effect in the food supply chain. Increased consumer demand led to empty shelves and
lower supply led to higher prices of meat products. Some markets had a cap on the amount
of beef and pork products that a single consumer could purchase. Food services were also
impacted, with some restaurants discontinuing the sale of beef burgers [37–39].

Another vulnerability that was exposed in the food supply chain was the dependence
on a few suppliers. By adopting advanced supply chain concepts such as lean sourcing and
just-in-time (JIT) logistics, storage costs are minimized, but this also makes the supply chain
more vulnerable to risks. The European Union utilizes a special algorithm for ordering
fresh fruits and vegetables and having them delivered in around 24 h; such a system gave
the supermarkets a tough time restocking their shelves and affected the exporters of fresh
food, who were not able to deliver the products within their expiry times [40]. As a result,
the COVID-19 pandemic forced the use of emergency response systems and impacted
food supply chain contractual transactions. Simultaneously, it shifted the supply–demand
balance, putting small producers and operators in a challenging position [41].

2.2. Simulating Food Supply Chain Disruptions

Many works were perused to analyze the disruptions in food supply chains and the
proposed solutions to enhance the supply chain performance and shield against these
disruptions. Esteso et al. [42] suggested a system dynamics model for fresh food supply
chains to simulate the disruptions in planting, planning, and evaluating the robustness.
Through analyzing the disruptions in demand, supply, transportation, and node-to-node
operation, they managed to propose a methodology to enhance the robustness. They
used known behavior replications and extreme conditions tests to assess the robustness
of the model. The paper offers many proactive risk management strategies and their
impact to improve supply chain robustness. Tonnang et al. [43] developed a framework
that uses system dynamics to evaluate the impact of COVID-19 on food supply chain in
Kenya and Rwanda. Such frameworks work by analyzing the interactions between the
contagion, health, and food supply chain components, revealing the adverse effects of
COVID-19 on food and nutritional security through applying a system thinking approach.
The interactions between the variables in the model were mapped by using a causal
loop diagram and stock and flow diagrams. It was concluded that applying protective
measures for the COVID-19 pandemic such as lockdowns and closure of borders can have
a negative effect on the food supply chain in the countries of study; it also caused labor
shortages, increased unemployment rates, caused loss of income, and negatively impacting
the availability, accessibility, and stability of food and nutrition security. The paper also
emphasized the importance of establishing resilient food systems to mitigate food crises
in the future. Huang et al. [44] simulated the effect of the COVID-19 pandemic on the
lobster industry based in Nova Scotia. The simulation was made by using anyLogistix
software to analyze the pandemic’s effect on the sustainability of such a food supply
chain in terms of production–inventory dynamics, customers’ performance, and lead time
performance. It was found that the pandemic created backlog problems and increased
the lead time; the research concluded that the simulation methodology can be effective
in exploring and predicting the effect of negative scenarios on the supply chain. Burgos
and Ivanov [45] simulated the impact of the COVID-19 pandemic on the German-based
food retail supply chain, and anyLogistix software was used to simulate the effect of actual
scenarios that occurred during the pandemic period on the supply chain’s operation and
performance dynamics. The simulation results indicated that the resilience of the supply
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chain during the pandemic depended on the pandemic’s intensity and was affected by
three main factors: governmental measures, inventory ordering dynamics, and customers’
behavior. It was also noted that supply chain performance and operations were affected
by the high increase in demand and supplier shut down, while the transportation effect
was low. Singh et al. [46] developed a simulation model of the public distribution system
(PDS) for the food supply chain in India. By focusing on two products, wheat, and rice,
anyLogistix was used to simulate the disruption effect on the network during the COVID-19
period based on the effect of three scenarios. The expected lead time and revenue were
used as key performance indicators to measure the disruption effect. It was found that
introducing a backup warehouse to the system could have improved the revenue and the
expected lead time during the COVID-19 period.

3. Case Study
3.1. Problem Structure

The case study addressed in this work simulates one of the most crucial food supply
chains in Egypt, which is the one for the Baladi bread. Baladi bread is the number one food
for Egyptians. According to the Deputy Minister of Supply and Internal Trade, Egyptians
consume on average between 250 million and 275 million loaves per day [47], which
makes it a strategic and critical item. The Baladi bread supply chain in Egypt starts at
the point of obtaining and inspecting the wheat, which is the main ingredient in making
flour. Depending on whether the wheat is domestically available or imported from Russia
and Ukraine, the sequence of the operation in the supply chain changes, but the wheat
is eventually delivered to the domestic silos to be stored. After that, it is transported to
milling factories to be processed into flour then delivered to the bakeries to be transformed
into bread [48]. Bread food supply chain stages and the relevant logical operations are
shown in Figures 1 and 2, respectively.
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Egypt imports 55% of its needs of wheat from many countries. The highest percentage
of these suppliers (80%) are from Russia and Ukraine. This percentage presents 12.15 million
tons of wheat [49], and the other 45%, that accounts for 8.45 million tons, is produced
locally [50]; half of these percentages are used by the government in its bread subsidy
program. The quantity of wheat produced domestically is a fixed value input for the local
silos. The imported wheat was identified as a limited quantity provided by the suppliers
when required according to the inventory policy. It is shipped from suppliers to port
warehouses and then transported to the local silos.

Given the vast geographical area of Egypt and the limitations on data availability, it
was not feasible to simulate the flour supply chain all over Egypt, hence, the East Cairo
region was selected for the case study and modeling. By considering the supply percentages
and the population of the East Cairo region, the demand for wheat in this region could be
estimated. East Cairo consists of nine districts and has a population of around 3.9 million,
which is considered to be 4% of the total population of Egypt [51]. The customers in
this network are the bakeries that require flour on a daily basis to make the bread. The
customers locations were identified on the map according to the information from the
governmental site regarding Cairo [52]. However, due to the high number of bakeries
in the East Cairo region, they were modeled as colored clusters of green, yellow, and
red. Green represents group of ten bakeries, red represents group of five bakeries, and
yellow represents a single bakery. The total number of customers represented on the map
is 86 customers. The demand of the customers (bakeries) is set by the government to be
between 10 and 20 tons daily [53], varying according to the population the bakery serves
and the size of the bakeries. In this model, an average demand of 15 tons of flour is used for
each bakery. The offshore suppliers deliver the wheat to Abu Qir port in Alexanderia silo
using ships with an average speed of 13Kn and a carrying capacity of 50,000 tons [54,55],
then the port silo delivers the wheat to a local silo (Mostorod silo) using trucks. Later, the
wheat is delivered from the local silo to factories (mills) and then to the customers (bakeries)
via truck, moving at an average speed of 60 km/h. The transportation policy used in the
model for the truck system was less than truckload (LTL).
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3.2. Simulation Model and Methodology

The anyLogistix software was created by the AnyLogic company (Oak Brook, IL, USA)
and is used for supply chain design and modeling [56]; it is also used as an optimization
and simulation toolkit to analyze different scenarios in the supply chain. The software
can be used to compare different supply chain structures, such as traditional structures
and vendor managed inventory (VMI) structures, to determine which is more effective in
dealing with transportation disruptions [57]. Computer-based discrete event simulation,
such as anyLogistix, is a valuable tool for studying and understanding supply chain
disruptions, their causes, and the factors that influence them [58]. The software can
also be used to forecast demand for products and determine the expected amount of
each product for different cities [59]. Additionally, anyLogistix can be used to study the
characteristics and properties of complex logistic systems, such as supply networks, and
evaluate the performance of supply chains [60]. The model was created in anyLogistix
software through defining the input parameters from location (suppliers, warehouses,
factories, and customers), inventory policy, demand, sourcing, shipment control polices,
and disruption events. Table 1 shows the control policies used in this simulation.

Table 1. Inventory control polices for the mills.

Inventory Control Policy

Mill-1 (El-Safa) Min-max policy (s = 500, S = 1000)
Mill-2 (El-Marwa) Min-max policy (s = 500, S = 1000)
Mill-3 (El-Kawser) Min-max policy (s = 500, S = 1000)
Mill-4 (El-Matrya) Min-max policy (s = 400, S = 8000)

To model the disruptions caused by the COVID-19 pandemic and the Russian–Ukrainian
war on the Baladi bread supply chain, three scenarios were created to simulate the events
that might have occurred during these periods.

3.2.1. Scenario 1 (Initial State–Normal Conditions)

• Transportation time from source to port warehouse is 15 days.
• Transportation time from factories to customers is 15 min according to geographic

location.

3.2.2. Scenario 2 (COVID-19)

• Transportation time from source to port warehouse increased by 40% [61].
• Transportation time from factories to their customers is 30 min according to geographic

location. This was mainly due to the multiple health checkpoints on the roads as a
prevention technique against the pandemic.

• Pandemic highest peaks occurred between May and the end of July 2020. During this
time the country went into a state of lock down.

• The lockdown was lifted in August 2020, and the demand increased by 50% due to
fear and panic buying.

Figure 3 gives the description of Scenario 2.
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3.2.3. Scenario 3 (The Russian–Ukrainian War)

The sources have been disrupted since the start of the war in February 2022 until
July as Russia restricted its wheat exports from March to June 2022 and Ukraine was not
available for exporting until July 2022. The ban was lifted in July when both parties signed
a deal to allow wheat transportation. The demand increased by 50% during the absence of
suppliers. Gradually, the supply chain started to return to normal regarding the demand
and the imports. Figure 4 gives the description of Scenario 3.
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4. Results and Analysis

This section discusses the simulation results and analysis of the experimental data.
Figure 5 shows the location of Egypt and the studied region (East Cairo). Figure 6 shows
the Baladi bread supply chain network, indicating the locations of suppliers, silos, mills,
and customers. The simulation scenarios test the impact that different events between 2020
and 2022, due to the COVID-19 outbreak and the Russian–Ukrainian war, have had on the
Baladi bread supply chain in Egypt. This research mainly focuses on upstream disruption
and its effect on the downstream. Some key performance indicators (KPIs) were selected
to assess, analyze, and compare the outputs of each scenario on the performance and
operation of the food supply chain; these KPIs include customer performance indicators
such as service level by product, which is the ratio of products delivered on time to the
overall number of products shipped to the customer from stock on hand. If products are
delivered within the pre-defined time windows and the lead time, it is considered on-time
delivery. Other KPIs are the delivery time for the ordered products as indicated by the lead
time demand backlog that indicates the accumulation of unfulfilled demand, operational
indicators such as average daily available inventory in the mills, and on-hand inventory of
wheat in the silos.
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4.1. Scenario 1 (Initial State–Normal Conditions)

This scenario describes the supply chain of Baladi bread in Egypt before the COVID-19
pandemic. In this scenario, real-life data was used to simulate and extract the results related
to the SC performance. Figures 7–10 present the simulation results for this scenario. From
Figure 7, the service level by product shows that all orders were received on time without
significant delays. The average lead time for delivery of the products is 0.56 days. Figure 8
shows the inventory levels of available inventory of wheat in all the mills; (s, S) inventory
policy is used. When wheat level reaches the minimum re-order point (s), an order is
placed from the local material silo to get the inventory level back up to a pre-specified point
(S). This policy is effective especially in situations with fluctuating demand as it avoids
excessive levels of inventory and avoids stockout [62]. The results show that the available
daily inventory for each mill is within the specified (s, S) range and no pattern is observed,
indicating adequate stock availability. Moreover, the inventory does not reach zero at any
day within the year, which ensures that the mills satisfy the demand of the bakeries with
no stockouts. The on-hand inventory shown in Figure 9 indicates no disruptions. When
the domestic supply of wheat reaches a certain point of 130,000 ton, the silos request a refill
from the supplier, and when it reaches the port warehouse then it is delivered to the district
warehouse. Product backlog is shown in Figure 10; the product backlog is zero except for
a peak in the first two days due to the simulation warm up. This peak can be eliminated
naturally by introducing a safety stock of flour for the first two days. Overall, the results
presented indicate that all orders are delivered on time, and the demand is satisfied.
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4.2. Scenario 2 (COVID-19)

This scenario seeks to simulate the disruption that occurred due to the COVID-19
outbreak. Egypt had the highest infection rate of COVID-19 during the period May–
July [63]. During this period, many outlets were vulnerable to be shut down due to the
fast infection spread, and rumors about potential shutdowns pushed the customers to
panic buying, increasing the demand by at least 50%. Another factor is the disruption in
logistics due to the pandemic, meaning that the availability of foreign suppliers (Russia and
Ukraine) was highly volatile during the first three months. Also, there were concerns that a
food crisis like the one that occurred between 2007 and 2008 may repeat [64]. This scenario
can be characterized by three regions (normal state–lockdown–after lockdown). Figure 11
shows that the service level of the product has been affected during the lockdown period
of May–July to below 0.5 of its normal value; the curve started to recover after this period
to reach above 0.6 by the end of the year. This led to increasing the lead time to 1.79 days.
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The results of the average daily available inventory are given in Figure 12, showing
that for the first four months the inventory levels were normal even though the suppliers
were disrupted as local production supplemented the need during this period. After July,
the production facilities reopened and the demand increased, affecting the inventory levels.
The available supply and the closure period compensated for the demand. The on-hand
inventory, shown in Figure 13, has shown a normal pattern except for the last two months,
when the source’s fixed supply ran out and the internal supply began to be consumed,
which created a backlog in the inventory as shown in Figure 14.
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4.3. Scenario 3 (The Russian–Ukrainian War)

This scenario simulates the effect of the Russian–Ukrainian war on the Baladi bread
supply chain. Since the start of the war, Ukrainian exports of grain have been severely
disrupted. Starting from July 2022, exports were allowed under the Black Sea Grain
Initiative [65]. During the restriction period, Egypt mainly depended on the domestically
cultivated crops and the wheat stock from the first three months of the year. Along with the
disruption at the source supplier, forward buying occurred from March to July. Figure 15
shows that the service level for the war scenario is characterized by four regions; in the first
region, the service level starts with a value of 1 until the end of February. In this region,
the daily average inventory is almost normal, and no demand backlog was observed as
reflected in Figures 16 and 17. In the second region, the service level starts to decrease
until it reaches below 0.9. With the start of the ban in March until mid-June, this decrease
is due to the increase in the demand with the absence in suppliers. As for the backlog, it
starts to appear in the middle of April and continues to increase within this region until it
reaches 120,000 products. The distribution appears in the available inventory. In the third
region, the service level reaches its lowest level at 0.65 because the internal supply was
running out.
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In the fourth region, the service level started to recover as the ban was lifted. It
reached 0.7, and the recovery is reflected in Figure 18, where the backlog decreased from
160,000 to zero and started to appear again with a value of 50,000. The disruption in the
inventory appears to be of the largest magnitude in the recovery region. For this scenario,
the average lead time is 21.5 day. Figure 17 represents the on-hand inventory represented
by the domestic supply stored in the Matrya silos and the imported supply of wheat that
arrived at the port warehouse. It appears that a shipment of wheat arrived in Egypt before
the ban. During the ban, Egypt was using its domestic store of wheat to fulfill the customer
demand and after the ban was lifted, the storage was quickly replenished.
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5. Discussion and Implications

From the simulation results, it was shown that the two proposed scenarios introduced
significant differences from the normal supply chain of Baladi bread in Egypt (i.e., the one
before the COVID-19 pandemic). In this benchmark scenario, all orders were received on
time, with an average lead time of 0.56 days and without significant delays. Also, the daily
inventory remains within the specified (s, S) range, it shows no disruptions, and the product
backlog is zero except for an initial peak. In the COVID-19 scenario, that introduced panic
buying and logistics disruptions, the service level is effected and it drops below 0.5 at
the end of the lockdown period, after which it starts to recover up to 0.6. Consequently,
average lead times are increased to 1.79 days, and the average daily inventory starts from a
normal pattern. It is later frozen during the lockdown period, and it experiences higher
volatility after lockdown due to panic buying. Under these circumstances, in fact, the
on-hand inventory started to cause backlog spikes as all demand could not be met on time.

The Russian–Ukrainian war scenario simulates the disruption of wheat export in the
first half of 2022, with the subsequent recovery under the Black Sea Grain Initiative. This
scenario is characterized by four different regions: a normal region, starting from the same
patterns as the benchmark scenario, followed by a second region where the export ban and
the panic buying come into play, and, thus, the service level starts to decrease towards the
value of 0.9, where the on-hand inventory is depleted and a backlog starts to build up (from
mid-April), up to the total value of 160,000 products, causing a decrease in service level
to 0.65, which is shown in the third region. Finally, service level and on-hand inventories
start to recover in the fourth region, and there is a decrease in the backlog with the lifting
of the ban. Final trends for the service level see a value of 0.7 and a remaining backlog of
50,000 products at the end of the simulation period. In this last scenario, average lead times
can be as long as 21.5 days.

An interesting insight is the impact of the above-mentioned disruptions when linked
with the United Nations Sustainable Development Goals (UN SDGs) [66]. According to
Leal Filho et al. [67], SDG 12 (responsible consumption and production) is the area most
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highlighted by the literature on supply chain. However, disruptions in the global food
supply chain will have direct impacts on several goals, such as SDG1 (no poverty), SDG2
(zero hunger), SDG3 (good health and well-being), SDG8 (decent work and economic
growth), and SDG12 (responsible consumption and production). To achieve more sus-
tainable supply chains, it is necessary to consider not only SDGs but also the technology
and digital transformation context [68,69]. Unusual situations, in fact, require innovative
solutions, hence, supply chain innovation is becoming a major player to mitigate risks
through technology innovation and process innovation [70].

Another implication is that since most of the international shipping is performed
through managing risks in maritime supply chains [71], further issues and disruptions
may be considered in this case, such as piracy and security issues. This was seen very
recently through the Red Sea crisis during the war in Gaza that led to the diversion of
several container ships from their regular route through the Suez Canal to the historical
route around the Cape of Good Hope in South Africa. Such a diversion adds 6000 nautical
miles, which results in adding three or four weeks to delivery times [72]. Since the Suez
Canal accounts for about 12% of global shipping traffic [73], such disruption had a rapid
impact on shipping costs. By mid-January 2024, about three months since the start of the
war, the shipping rates for a 40-foot container surged by more than 600% from North Asia
to Europe, 137% from North Asia to the US East Coast, and 131% from North Asia to the
US West Coast [74]. Since such disruptions do not usually happen suddenly, it may be a
proper strategy to use non-traditional forecasting techniques to avoid the bullwhip effect,
e.g., rolling forecasting [75], risk aversion [76], and alternative food networks and short
food supply chains [77].

6. Conclusions and Future Work

Supply chain disruptions have been a hot research topic over the past few years. This
became especially important following the breakout of the COVID-19 pandemic and its
impact on global supply chain and logistics networks. However, few studies addressed
this impact in countries in the MENA region. This paper presents a case study of the
disruption in the Egyptian food supply chain due to the COVID-19 pandemic and the
Russian–Ukrainian war. The study addresses the Baladi bread sector in the East Cairo region
as a focal point and employs simulation modeling using anyLogistix software to assess
its supply chain performance under different conditions. The simulation results obtained
in this study provide valuable insights into the impact of the two occurrences on the
performance of supply chains, such as operational performance and sourcing performance
and customers’ performance. Specifically, the results showed that the pandemic led to
a backlog problem. Furthermore, it caused an increase in lead times for customers and
increased shipping duration causing unfulfilled demand. Comparable results were also
obtained from simulating the effect of the war, which caused higher disruption, mainly due
to the unavailability of the wheat sources.

Moreover, the research validates the effectiveness of simulation-based methodolo-
gies in modeling and analyzing the effect of unusual events on supply chains. Through
simulation modeling, several parameters can be predicted, such as the increase in the
transportation time, whether from the source or domestically, along with the unavailability
of the sources and the effect of demand increase.

One limitation of this work is studying a specific region in Egypt. As mentioned, this
was due to a lack of enough data to address the whole country. However, it would be
beneficial to perform thorough analysis by simulating the effect of the disruption scenarios
on different regions in Egypt to pin down the potential vulnerability in Baladi bread food
supply chain all over Egypt. Other factors are expected to have a potential impact on
Baladi bread food supply chain, such as the production efficiency of the mills. Storage units’
capability to store either wheat or flour for an extended period could significantly aid in
reducing the disruption’s effect. The transportation hours also would have a significant
effect on the lead time of the supply chain. As for the bakeries, they were considered as



Sustainability 2024, 16, 994 16 of 19

needing a fixed quantity, but in reality, not all bakeries will purchase a fixed quantity, and
it shall vary according to the population of the region the bakeries serve. However, all the
previously mentioned factors were not considered as variables in this research due to a lack
of governmental data.

The findings and outcomes of this study can be used as a predictive approach to
help decision-makers in analysing the potential risks the food supply chain may suffer.
Such models can be used for agricultural supply chains and provide important insights
that can play a significant role in maximizing food security and supply chain resilience.
By utilizing the research findings, proactive strategies can be developed to minimize the
impact of such disruptions in the future. Future work can be dedicated towards exploring
other factors and scenarios that might have negative effects on delivery times, such as
maritime transportation security, ineffective routing, inefficient order management, and
long paperwork. Research directions to address such factors may include blockchain, smart
contracts, data analytics, and location intelligence.
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