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Abstract Supply chain operations in food value chains includes
all logistics activities that enable the flow of agriculture inputs,
outputs, and agriculture-related services, such as transportation,
warchousing,  procurement, packaging and inventory
management. The efficacy of logistics is critical for the agti-food
sector, in particular in times of crisis. Disruptions can cause
adverse impacts on the quality of food, freshness, its safety, and
can impede access to markets and affordability. The COVID-19
pandemic caused that the governments around the world
implemented different measures, including a reduction in the
transportation of goods (ground, ocean freight and air freight),
as well as migration of labour domestically and internationally. In
order to stop the transmission of the disease workers are less
available in transportation systems because restrictions across
borders. These issues induce disruptions in the logistics of the
food supply chains. The contemporary business environment in
COVID-19 pandemic environment imposes an increased need
for the development of decision-support tools. The Shadow IT
solution will be described on the example of the inventory
control model for frozen fruit wholesale, implemented as a

spreadsheet application.
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1 Introduction

The period from 2019 to the present days is characterized by the COVID-19
pandemic, caused by the virus SARS-CoV-2, which affected almost all activities
around the globe. COVID-19 or coronavirus disease caused global tragedy with high
death rate. In order to prevent and retard the virus spreading in the population,
governments of many countries have closed borders and have imposed quarantine
and strict lockdowns. The world economy has been jeopardized through disruption
of manufacturing operations, logistics and supply chain, and many other sectors
(Singh et al., 2021; Hobbs, 2020; Remko, 2020). According to (Chamola et al., 2020)
the pandemic strongly affected healthcare, food, tourism, automotive and aviation,
oil and construction industries, and consequently majority of industrial and business
sectors. The measures implemented against COVID-19 spreading have imposed
reductions in the transportation of goods, services that rely on transport, as well as
migration of labour domestically and internationally (FAO, 2020). Disturbances of
transportation systems and movement restrictions (within and across borders)
significantly influenced workers availability. All of these constraints have upset the
balance of already fragile global food supply chain. Food supply chain (FSC) is based
on a quite delicate balance between consumption, production and inventory (Song
et al., 2021). As it is stated in (Sterman 2000), even a minor disruption of this chain
can cause its instability due to the delays between decisions and the results, which in
turn may introduce oscillation and amplification. Sustainability of FSC, already
endangered by climate change, poverty and hunger (Workie et al.m 2020), has been
additionally faced with logistics problems related to the shipment of food and
agricultural inputs, which directly threated food security and nutrition. Realization
of daily life and business activities have been difficult due to inability of planning
based on historical data, but even more, uncertainty of workforce caused by

employees’ inability to work because of illness.

Food and agriculture are being affected in all countries as a result of measures against
to COVID-19. The impacts of COVID-19 differ across farming systems and make
some countries more exposed than others. Most agricultural activities are season-
specific and weather-dependent; they follow a fine-tuned pattern of timing, pacing
and sequencing of activities. A delay in one activity can have impacts throughout the
production process, affecting yields and output. Capital-intensive farming could be

most affected, particularly where production relies on a great variety and large
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amounts of intermediate inputs, such as seeds, feeds, fertilizers, pesticides, lubes and
diesel. But also, subsistence farmers can be affected. While they rely more on their
own farm-based inputs, many have to purchase their inputs on local or regional
markets, including their seeds, feeds or diesel. Their input supply chains are typically
more fragile and more susceptible to disruptions. Importantly, they use more manual
labour and, where the disease takes a direct toll on their health or their movement,
this can impede not only their ability to produce for others, but also undermines
their own food security. Weaknesses of the current global supply chain have been

exposed resulted in revenue loss, demand, and supply unfulfillment in COVID-19.

Lockdown cannot be considered as a permanent solution for a long-run from an
economic and social perspective. A lack or a delay of supply of these products affects
people in the informal sector of urban areas who rely on produce from rural areas
for their livelihood. The closure of restaurants, cafes, and street-food vendots, for
instance, can also lead to significant reductions in otherwise reliable market outlets
for many farmers, whose incomes will decline when products cannot be brought to
markets. The International Labour Organization (ILO) reported an initial estimation
that almost 25 million jobs could be lost worldwide due to COVID-19, and it may
stretch to 40 million (ILO, 2020).

The contemporary business environment in COVID-19 pandemic environment
imposes an increased need for the development of decision-support tools. Many of
them are developed by people who are not professional programmers, but domain
experts who need support in performing specific tasks and activities. These people
are so-called end-user programmers. Shadow I'T coexists with mandated information
systems. Developed and applied by non-IT domain experts, it is as a rule, but not
exclusively, used for resolving nonroutine issues, for which mandated IS does not
have appropriate functions. Shadow I'T solutions are not supported or controlled by
IT departments (Rakovic et al., 2020). The Shadow IT solution will be described on
the example of the inventory control model for frozen fruit wholesale, implemented

as a spreadsheet application.

The company for which the spreadsheet application was developed operates within
the food industry, in the sector of deep-frozen fruit and vegetables. The company
cooperates with industrial and retail clients. The process of deep-frozen fruit

wholesale on the German market will be described in this paper. The clients of the
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company are the biggest retailers on the German market. They are ordering the
goods every week in smaller quantities and from many different locations. To keep
the status of a reliable supplier, the company has to deliver each order in the
requested quantity and within the requested time. Considering the mentioned
requests and dynamics of sales, an external warehouse and developed distribution
network on the German market are necessary to deliver each order under requested
conditions. The company has engaged a 3PL (third-party logistics) partner for this
purpose (Jeremic et al., 2020).

2 Strategic measures, solutions, and opportunities for a more resilient
post - COVID-19 in agricultural supply chain (ASC)

Agricultural supply chain (ASC) is essential for the economy and the society. This
supply chain represents complex system, containing numerous participants, mutual
dependencies and feedback (Ivanov, 2020a). Consequently COVID-19 pandemic
affected ASC participants in multiple ways, directly and indirectly. Many papers
tackled different topics in order to propose solutions to the crises caused by the
coronavirus disease. COVID-19 supply chain risks and selected approaches to

improving resilience could be described in Figure 1.
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Figure 1: COVID-19 supply chain risks and selected approaches to improving resilience on
COVID-19.
(Source: Remko, 2020)
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2.1 Agriculture 4.0, Artificial intelligence and machine learning as a
response to the COVID-19 impacts

Nayal et al. (2021) considers challenges of implementing artificial intelligence and
machine learning (AI-ML) for moderating the impacts of COVID-19 on the ASC.

Even before COVID-19 crises, ASC digitalization have been addressed in the
context of risk and uncertainties mitigation and improvement of the supply chain
resilience, agility and robustness (Anti¢, 2018; Ciruela-Lorenzo et al., 2020; Sharma
et al. 2021). Digitalization includes various technologies such as Al (artificial
intelligence), blockchain (BC), big data (BD), cloud computing (CC), Internet of
things (IoT) and machine learning (ML) (Ciruela-Lorenzo et al., 2020; Wamba et al.,
2018; Anti¢, 2018). According to (Nayal et al., 2021) Al represents technological
driver for digitalization, while ML can be considered as application of Al
Digitalization of the ASC, defined by applying of AI-ML, aims to manage and
optimize numerous challenges that the ASC faces during the COVID-19 period and
beyond. AI-ML should contribute to the ASC risks reduction through more accurate
forecasting, real-time information usage, transparency increment, traceability and
predictability improvement (Nayal et al., 2021). Nevertheless, the application of Al-
ML in the ASC is in its developmental stage and requires more focus from
researchers and practitioners (Dhamija and Bag, 2020). Furthermore, many
participants of ASC are far away from using any IT support for their activities, so
AI-ML concept does not sound like a solution that can be applied in the near future.

Agriculture 4.0 is the 4th agriculture revolution that involves digitalizing the entire
agricultural production process (through smart / precision farming) and its supply
chain. Digital agriculture involves remotely gathering and saving, reviewing, and
exchanging data for optimum activities across the entire food supply chain using
software and resources in order to reduce the impact of the COVID-19 on food
value chains. In agriculture 4.0, decisions are made at three distinct stages (pre-
farming, on-farm, and supply value chain — after-farming) based on available data to
improve food production, processing, storage, distribution, and consumption. The

application of agriculture 4.0 to modern agriculture is summarized in Figure 2.
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Figure 2: Structure of Agriculture 4.0
(Source: Oruma et al., 2021)

Farmers should realize that agriculture 4.0 is the future of farming. A good
understanding of digital farming technology is necessary to ensure a profitable
business model especially in pandemic COVID-19. They should invest in modern
smart machinery and avoid the importation of obsolete machinery and influence of
disturbance in agricultural supply chain (ASC) caused by pandemic COVID-19. In
the Agricultural supply chain (ASC), the emphasis is on decision support systems
(DSS) through mobile phones, software, and apps, including activities, technologies,
and processes that add value or optimize any or all the blocks in the agri-food supply
chain. The ASC covers operations before the actual farming like services or mobile
apps that link farmers with tractors, other machinery (drones), investors, and
aggrotech that handles data analytics. During the main farming operation,
stakeholders can also provide value addition through e-extension service apps,
fertilizer subsidy apps, mobile apps for farm tracking/monitoring, trends prediction
apps, and aggrotech service providers for various aspects of data analytics (Lezoche
et al., 2020).
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Precision agriculture (PA) is using digital technology to manage and control all
aspects of food production, processing, and storage to improve production
sustainability (Shafi et al, 2019). As it shown at Figure 3., PA uses digital
technologies of 10T, GPS guidance, GPS-based soil sampling, control systems,
drones, robotics, autonomous vehicles, variable rate technology, automated

hardware, telematics, and software.
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Figure 3: Technologies for Agriculture 4.0
(Source: Oruma et al., 2021)

Farmers can apply PA before and during farming through a decision support system.
The pre-farming stage helps farmers to plan, select seedlings or agricultural inputs,
choose a farming approach, and apply the appropriate technology based on the
available data. During farming, PA enables farmers to use the proper amount of
farm inputs, fertilizer, and other resources to improve farming output sustainability
by adopting appropriate digital technologies. Farmers can do farming in a whole new
way with PA through approaches like desert farming using drip irrigation,
hydroponics, urban farming, etc., which are now possible. PA assumes that growth,
stability, and performance are affected by a farm’s topology, environmental factors,
and morphology (Shafi et al., 2019). Farm monitoring/forecasting platforms are
integrated with the most precision farming and smart mechanization services to
manage and optimize the food production process. Farm monitoring is achieved
through the data obtained from IoT, drone technology, satellite aerial imaging, etc.,
and customized to meet specific farm requirements. Farmers can use the results

from farming monitoring for a variable-rate farming application of inputs to
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different farm sectors. Forecasting/prediction of farm yield is possible with
additional data from weather/metrological centers. Yield prediction and what-if
analysis are also performed from these data to improve output at minimum inputs
in a sustainable farming approach. Farm monitoring platforms also provide eatly
warning systems to farmers to mitigate the risk of low yields due to unfavorable
environmental conditions like bad weather, pest, and disease invasion (Abayomi-Alli
et al., 2021).

Big data is a computer science field concerned with the analytics of big (large and
complex) data to draw useful information. On their own, the individual data may
not make much sense, but when analyzed on a large scale using artificial intelligence,
helpful information, trends, and patterns can be drawn from big data analytics. Big
data uses statistical analysis, optimization, inductive statistics, and principles from
nonlinear statistics to derive laws (regression, nonlinear interactions, and causal
effects) from large data sets with low information density to discover relationships
and dependencies or perform forecast outcomes behaviors (Corallo et al., 2020).
Five Vs characterize big data; volume, velocity, variety, veracity, and value
(Ishwarappa et al, 2015). Big data requires high computation, storage, and

processing resources, which the IoT network cannot handle in isolation.

Blockchain technology enables recording information digitally that is very difficult
to change, hack, or alter. It consists of an increasing list of records (blocks), with
each block containing a cryptographic hash of the previous record. It is a digitally
distributed ledger system with seven distinct properties: programmable, secure,
immutable, unanimous, distributed, anonymous, and time stamped. Blockchain
technology is secured because all its records are individually encrypted; it is
immutable because any validated record in Blockchain cannot be reversed or
changed. The approach is unanimous because all participants must agree to the
validity of each entry. All network participant has a copy of the transaction records
for transparency. It is anonymous because the identity of all participants is either
anonymous or pseudonymous. Finally, all its records are time-stamped blocks.
Blockchain technology enables traceability, information security, and efficient use of
resources within the agriculture 4.0 context. Some benefits of blockchain technology
adoption in agriculture 4.0 include reduction in food wastage by detecting
bottlenecks in the agri-food supply chain; combating food fraud such as fraudulent
labeling of food, thereby increasing food safety (De Clerq et al., 2018).
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Artificial intelligence involves the intelligence demonstrated by machines or
computers. It is the study of intelligent agents. Al describes machines that mimic
human cognitive functions like learning and problem-solving. Al makes machines
more capable of understanding human speech, competing with professionals at the
highest levels of strategic games, autonomously operating vehicles, intelligent
routing and content delivery networks, and military simulations. Modern Al
approaches include deep neural networks (computational intelligence), statistical
methods, and traditional symbolic Al. The tools commonly used for Al applications
include search and mathematical optimization, neural networks, and strategies based
on probability and economics. Al applications include machine learning, natural
language processing, expert systems, computer vision, robotics, etc. (Brzeski et al.,
2019).

Robots are used in agriculture to automate simple, dirty, dehumanizing, repetitive,
or dangerous tasks (like weed control, planting, harvesting, sorting, packing, or pest
control), thereby enabling farmers to focus on more critical tasks. Smart machinery
and drone technology are other enabling technology for Agriculture 4.0. Smart
mechanization involves using autonomous tractors/drones for planning,
automation, monitoring, optimization, and management of farm operations in
providing more food sustainably from our limited land resources and changing
climatic conditions for our teeming population. Smart mechanization uses IoT
sensors, software, autonomous solutions, and artificial intelligence for soil
preparation, planting, crop treatment, farm monitoring, harvesting, and processing
using data from the farm. Autonomous tractors can eliminate operator fatigue by

ensuring more daily working hours (Erfani et al., 2019).

Additive manufacture (3D and 4D printing) is computer controlled three-
dimensional manufacturing by depositing materials in layers. It uses binder jetting,
directed energy deposition, powder bed fusion, sheet lamination, vat polymerization,
and material extrusion in creating new three-dimensional objects. Three additive
manufacturing technologies are sintering (melting materials without liquefaction to
create complex, high-resolution products), melting (electron beam), and
stereolithography (photopolymerization whereby an ultraviolet laser is fired into a
vat of photopolymer resin to create torque-resistant ceramics parts able to endure

extreme temperature (Javaid et al., 2019).
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Augmented reality (AR) uses digital technology to superimpose generated text,
graphics, images, etc., on the real physical view of objects, thereby providing an
enhanced user experience. AR user interface includes a screen, monitor, helmets,
facemask, glasses, goggles, head-mounted display, window, windshield, etc. This
technology blurs the boundary between the physical and digital worlds. For an AR
user, the real and virtual worlds coexist. The user can obtain helpful information
about an object or location while interacting with virtual content in the real world
(Jung et al., 2018).

Other disruptive technologies include bioplastics for sustainable packaging (e.g.,
starch-based bioplastics) that will result in entirely biodegradable waste on its stated
lifespan. This is intended to solve the plastics problem that takes several years to
decompose and constitutes a severe threat to aquatic life (Gadhave et al., 2018).

Genetic modification (genomics) enables new breeds with improved yields and
resistance to harsh environmental conditions. It can also develop crops with

particular vitamins and minerals for healthy living (Raman, 2017).

Cellular agriculture produces food (agricultural produce) from cell cultures using
different applicable technologies such as biotechnology, molecular biology, synthetic
biology, and tissue engineering. Culturing food is another technology that can
produce meat and grow plants in the lab (of commercial quantity) to ensure food
security in the future. Cellular agriculture has a lot of potential and positive
environmental effects for the future of farming. It will enable space astronauts to
culture meats on spaceships in the future while eliminating animal cruelty in
slaughterhouses. Cellular agriculture has applications in meat, dairy, eggs, gelatin,
coffee, horseshoe crab blood, fish, fragrances, and silk (Stephens et al., 2000).

2.2 Utrban agriculture perspectives

Utrban agriculture in developed countries should be fostered with emerging growing
practices and edible green infrastructures, such as vertical farming, hydroponics,
aeroponic, aquaponic, and rooftop greenhouses. Notwithstanding the limitations of
traditional urban farming activities, innovative and disruptive solutions and short
food supply chains of fresh agricultural products might play a positive role in

lessening uncertainties from global systemic risks. of urban production. Findings
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from field-scale studies and reviews suggest that various forms of smart and
innovative urban agriculture, such as vertical indoor farming, greenhouses,
aquaponics, soil-less hydroponics, and aeroponics, result in high yields of
horticultural products up to 140 kg/m2 /year (Armanda et al., 2019).

Innovative urban farms with climate control systems encompass high levels of
technology, such as precision automation for nutrient dosing, light-emitting diode
(LED) technology, artificial intelligence and blockchain, to optimize the growing
process minimizing maintenance and costs (O’Sullivan et al., 2019). In addition to
production capacities, advanced indoor urban farms are less subject to natural
disasters and weather-related problems, and may revitalize abandoned buildings,

brownfield sites, and vacant spaces (O’Sullivan et al., 2020).

Pulighe and Lupia (2020) presents the idea of urban agriculture based on eatable
green infrastructures, such as vertical farming, hydroponics, aeroponic, aquaponic,
and rooftop greenhouses. This idea is response of the authors, Pulighe and Lupia
(2020), to the fragility of large cities to unexpected multifaceted global risks
introduced by COVID-19. Urban agriculture involves the cultivation, processing,
and distribution of food in or around heavily populated towns, cities, or
metropolitans on a commercial scale. It includes animal husbandry, aquaculture,
apiculture (beekeeping), horticulture, etc. Due to the high land cost in urban areas,
it is usually practiced at the perimeters of cities. Urban farming includes creating
fresher foods, using unutilized spaces, increasing food security, and reducing food
waste due to proximity to food load centers. Urban farming can be in the form of
vertical farming, hydroponics, acroponics, aquaponics, microgreens farms, shipping
container farms, and rooftops farming, mushrooms farming, etc. In our proposed
framework for adopting agriculture 4.0, we shall focus on peri-urban farm locations

for an efficient realization of commercial-scale urban farms (Shamshiri et al., 2018).

Vertical farms are indoor farms that use soilless technologies such as hydroponics
or aeroponics to grow crops. Vertical farming technologies ensure the optimal use
of land by stacking the level of yields on each other. It uses artificial lighting in a
highly controlled crop growing condition to ensure all year-round growing and
harvesting irrespective of the farm location’s environmental conditions. The crops
cultivated in a vertical farm are characterized by high edible mass percentage, low

plant height, fast-growing plant species, and short shelf life. The idea of vertical
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farming is to reclaim land from agriculture to forestry, save clean freshwater, reduce
CO2 emissions resulting from long transportation of food, increased vatiety
(biodiversity) of food, and freshness of food. Despommier (2010) first used the term

vertical farm.

Hydroponics technology is the soilless cultivation of plants, in which nutrients are
supplied to the crops through the water. The nutrients can be from organic sources
or inorganic/artificial sources. The nutrients solution can be static or continuous
flow in design. The nutrient solution will cause eventual loss of its nutrient after
prolonged usage, and the answer is usually drained out and replaced with a new
solution. The drained solution can mix with ocean water leading to water pollution.
One major limitation of hydroponics is the limited air holding capacity of water, as
one kilogram of water can only hold 8 milligrams of air, even if aerators are used.
This means that inadequate aeration may result; hence, the continuous water flow is

crucial for successful operation (Jones, 2016).

Aeroponics is the cultivation of crops with no substrate. It involves growing crops
in an environment that is saturated with nutrient-rich water droplets. This farming
approach provides excellent aeration and water saving. Aeroponics requires 65 %
less water than hydroponics and one-quarter of nutrients under the same farming
conditions. Mist is generally easier to handle than water in a zero-gravity
environment; hence, aeroponics is of particular interest to NASA’s space research.
Aquaponics combines aquaculture (usually fish farming) and hydroponics. The
aquatic effluents resulting from fish waste and uneaten feeds accumulate in the water
and increase its toxicity. This nutrient-rich water is filtered and pumped to the
hydroponics section for crop cultivation. Aquaponics has five basic units: rearing
tank, settling basin, biofilter, hydroponics subsystem, and sump. It has the water-
saving capacity of hydroponics coupled with an added advantage of eliminating

environmental pollution from wastewater (Diver et al., 2000).

Aquaculture is the farming of aquatic plants and animals such as fish, algae,
crustaceans, aquatic plants, etc. It involves both the cultivation of fresh water and
saltwater plants and animals under controlled conditions. Marine culture is the
cultivation of aquatic organisms for food in a marine environment. The four
commonly used mariculture structures are: floating cage, net enclosures, earth

ponds, and a constant water circulation system (Gentry et al., 2017).
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2.3 Fragility of the regional food supply chains RFSC at the COVID-19

crisis

The COVID-19 pandemic has illuminated the fragility of the prevailing food supply
system. Prior to the pandemic, the amount of food consumed at home and away
from home in the U.S. was roughly equal (USDA, 2020). At the height of the
COVID-19 emergency, however, wholesale markets rapidly diminished when
restaurants, hotels, and schools closed (Yaffe-Bellany, 2020). Consequently, grocery
retail demand increased significantly, with consumer panic-buying and more meals
prepared at home (Hall et al.,, 2020; Morgan, 2020; Venuto, 2020). Conventional
food supply chains, with package sizes and infrastructure intended for wholesale
buyers, struggled to adapt for retail sales, and large concentrated meat and dairy
processors and longhaul transportation networks were disrupted by labor shortages
as workers became ill (Hobbs, 2020). As a result, many consumers experienced

increased food prices and shortages at the grocery store.

The long-term sustainability, viability, and resilience of RFSCs can be significantly
improved by selectively employing some transportation, warchousing, and inventory
management best practices that make conventional food supply chains efficient and
effective (Rogoff, 2014). Faced with the COVID-19 crisis, the regional food
producers and distributors need to adopt logistics best practices. These best
practices are extracted from the comprehensive literature review on logistics for
regional food systems conducted by Mittal et al. (2018) and Marusak et al. (2020):

—  Determining the optimum number and facility locations of warehouses is
critical for logistics efficiency, with implications for labor, transportation,
inventory, and indirect costs; proximity to suppliers and/or customers is
another important consideration. Urban distribution centers for agriculture
farmers — direct relation with urban cities customers. Identify collection
centers closer to producers, for example develop storage facilities like
warehouse receipt system platforms where farmers can deliver their
produce without the need to go to markets. Take an inventory of public and
private storage facilities, including available cooling infrastructure, and map
out and assess cold chains that can be used for emergency storage. Ensure
that the stockpiles of food meet the nutritional needs of the population

when combined into food baskets for distribution. Provide sufficient
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physical spaces to farmers’ organizations that allow workers to maintain
physical distancing rules and to manage the home delivery logistics, for
example spaces for product aggregation and preparation of boxes.
Implementing warehouse inventory management systems, using inventory
tracking systems, and matching supply with demand through demand
forecasting can reduce logistics costs and improve service levels.

Increase the power of public procurement on essential agricultural supplies
and ensure that market channels and logistics are still available for farmers.
Make rapid reforms to procurement procedures and rules, including rapid
payment and cash-on-delivery, for small farmers and processors, while
maintaining high food quality and safety standards. Transform restaurants,
cafes, and street-food vendors into local food suppliers using their urban
facility location for online delivery services. Strengthen home delivery or
“near” to home delivery to ensure consumers access to fresh and local
products. Retain agri-dealers and livestock supplies shops as essential
services with call and collect or delivery services only. Procurement of
supplies to the urban cities should be organized directly from agticulture
farmers

Improved supplier reliability and reducing supply uncertainty can help
organizations to match supply and demand, thereby increasing inventory
availability and supply chain responsiveness.

Increasing vehicle utilization load rates via optimized routing and
scheduling and consolidating delivery routes can help organization to
increase its logistics efficiency and reduce transportation costs. Vehicle
selection presents selecting appropriate vehicle types and sizes to meet
supply chain objectives is critical for transportation efficiency; large and
refrigerated vehicles can improve product freshness and facilitate longer
delivery routes, but they also tend to have low fuel efficiency. Adopt
measures like “green channels/green lanes/green corridors” for critical
agricultural products and production materials such as fruits and vegetables
to minimize hurdles in transport.

Use innovative logistics and transport methods for direct deliveries to semi-
or urban populations, including delivery trucks, pick-ups or bicycles. Ensure
on-time and frequent deliveries. Buyers with busy schedules tend to highly

value on-time deliveries; they also typically prefer more frequent deliveries,
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which reduce the amount of inventory that they must carry while increasing
product availability and freshness.

Hiring outsourced transportation services of third-party logistics providers
can reduce overall transportation costs and for making home deliveries
through e-commerce. The railways play a major role in making both the
supply and demand end meet. However, it is necessary for the railways to
utilize this opportunity to make its freight operations more efficient so as
to increase the volume of freight transportation.

Organizations in different supply chains can work at horizontal
collaboration together to cluster their logistics activities and assets (e.g.,
through shared transportation and processing facilities) for greater
efficiency and reduced logistics costs.

Understand the demand and make plans with forecasting and simulations,
how demand may evolve and how production, processing and distribution
can be adapted.

Technologies such as RFID and blockchain can accelerate information
sharing and improve visibility into inventory positions and logistics flows.
Allow movement of seasonal workers and transport operators (e.g. truck
drivers) across domestic and international borders. Adequate health
screening, testing, and safety protection measures should be taken. Special
flights/trains/coaches can be organized to help seasonal workers to get to
their workplace.

Train local labor force in agricultural activities. Many agricultural activities,
such as planting, harvesting and storage are tightly integrated into seasonal
timetables. When and where seasonal workers are not available, options to
mobilize unemployed or underemployed workers or reallocate workers
from other areas with temporary labor surpluses (restaurants) should be
considered. This would afford unemployed individuals with additional
income, and open options to retrain the workforce, in addition to
contributing to keep the food value chain alive. It could also be a new
variation of the public work programs.

Inform and promote the use of existing apps that have been developed to
reduce food waste in urban areas.

The government authorities collaboration with the ground level authorities

is essential to maintain law and order and communication. Involve
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government and local authorities in order to ensure fast deliveries. It is
observed that trucks are stranded for several hours at the national highways.
This can be solved by utilizing FAST tags for identification of vehicles. The
process can be augmented through online based permissions from a

government portal checked through bar code or similar.
3 Shadow IT — Reasons for Occurrence

Shadow IT coexists with mandated information systems. Developed and applied by
non-IT domain experts, it is as a rule, but not exclusively, used for resolving
nonroutine issues, for which mandated IS does not have appropriate functions.
Shadow IT solutions are not supported or controlled by IT departments. The
reasons for the emergence of shadow IT are numerous, but there is always a need
for end users to complete their job. Despite an ERP (Enterprise Resource Planning)
system implemented to increase standardization and control, end users create
workarounds in the form of shadow IT due to Unreliability, Inflexibility, Not Easy
to Use, and Lack of coordination (Alojairi, 2017). Dissatisfaction of employees with
the existing ERP system (Tajul et al, 2016) or dissatisfaction during its
implementation, according to Kerr, Houghton and Burgess (2007), provides a fertile
ground for the development of shadow (feral) IT.

Authors generally agree that Shadow IT, Feral Systems, IT workarounds are

opposite of IT systems, but their definitions are in some respects different.

Shadow IT describes the supplement of “official” IT by several, autonomous
developed IT systems, processes and organizational units, which are located in the
business departments. These systems are generally not known, supported and
accepted by the official IT department (Rentrop et al., 2019). Shadow system is
defined by usage as individual uset’s voluntary deployment of one or more systems
besides or instead of the mandatory system to perform a task (Haag et al., 2015).
Shadow Information Technology (IT) occurs when users develop systems outside
of the central information technology department (Chua et al., 2014). Feral systems
are argued to be those mechanisms which circumvent regular systemic procedures
to the extent that they create alternative means of accessing data (Kerr et al., 2007).
Feral Information Systems (FIS) is any technological artefact (e.g. spreadsheets) that
end users employ instead of the mandated Enterprise System (ES) (Spierings et al.,
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2014). Feral systems have largely been regarded as the users’ response to
discrepancies between official IT software systems and actual business processes
(Tambo et al., 2016). A workaround is a strategy of using a computer system in a
manner that it was not designed to be used for or using alternative methods to
accomplish a work task (Alojairi, 2017). Computer workarounds are a form of
anomalous system use which refers to a variety of sociometrical actions around IT
artefacts. These actions may not be consistent with the designed uses and official
rules but nevertheless constitute a form of IT enactment in practice (Azad et al.,
2012). Where a mismatch occurs between the expectations of technology and actual
working practice, employees may implement a ‘workaround’ by deviating from set
procedures (Ferneley et al., 20006).

‘Workarounds

Bausiness Managed IT

Shadow IT Shadow IT Shadow IT

End user
development

End user
development

Company End user

Instaled by
el sers

Developed by

end users Cloud services

Figure 4: Shadow IT, End user development and Workaround
(Source: Rakovic et al,. 2020)

The reasons for the emergence of shadow IT are numerous, but there is always a
need for end users to complete their job. Despite an ERP (Enterprise Resource
Planning) system implemented to increase standardization and control, end users
create workarounds in the form of shadow IT due to Unreliability, Inflexibility, Not
Easy to Use, and Lack of coordination (Alojairi, 2017). Dissatisfaction of employees



XV. INTERNATIONAL CONFERENCE ON LOGISTICS IN AGRICULTURE 2021

20 y .
CONFERENCE PROCEEDINGS.

with the existing ERP system (Tajul et al., 2016) or dissatisfaction during its
implementation according to Kerr, Houghton and Burgess (2007) provides a fertile
ground for the development of shadow (feral) IT. Although companies consume
huge resources for the ERP system implementation that does not guarantee accurate
data in the centralized database. As shadow IT often complements or replaces
certain ERP system functions, “real data” can be different from the data found in
the ERP system (Kertr et al., 2010). The very systems that should reduce and remove
shadow IT become their spawning ground (King et al., 2014). It is useful to know
that even distrust in the ERP system can be the reason for end users to start
developing shadow IT (Kerr et al., 2007). As the reasons for shadow IT, users often
mention a long response time (fulfilment of user requests) by I'T department (Gyory
et al., 2012), and low initial (perceived) costs of shadow IT (Zimmermann et al.,
2014). The growing number of mergers and acquisitions of organizations indicates
that the “problem” of shadow IT will continue to occur in the future (Kerr et al.,
2007). However, shadow IT should not only be observed from a negative point of
view, and it is also necessary to consider the adaptability and innovative potential of
shadow IT (Zimmermann et al., 2014).

Managing shadow IT is necessary because many shadow IT's support key business
processes. Although these systems are mostly developed without the knowledge and
support of I'T departments, and bring many risks, Haag et al. (2015) emphasize that
organizations should be careful with sanctioning the shadow I'T system development
as these systems can be very useful both for the organization and for the
performance of individuals in doing their job. Behrens (2009) provides advice for a
successful organizational use on the basis of a case study conducted: recognize
shadow IT, learn from shadow IT, eliminate bias towards shadow IT, do not try to
control shadow IT, and encourage good shadow systems. In the same manner, Haag
et al. (2015) state that it is necessary to recognize and support the development of
shadow IT. Managing shadow IT should start with researching the motivation of
shadow IT occurrence (Tambo et al., 20106), then analyzing users’ abilities to develop
shadow IT (Spierings et al., 2014) and once each individual shadow IT instance is
identified in individual business processes, it is necessary to evaluate each shadow

IT instance and control the shadow IT instances (Zimmermann et al., 2014).
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4 Spreadsheet application for inventory control of frozen fruit

According to Jeremic, Djordjevic and Antic (2020), in order to improve material
flow management, decision-makers should have the appropriate form of support in
the process of decision-making. For these purposes, decision-making models are
widely used. These models should include all relevant information from the
environment and represent significant support to the decision-maker in choosing
the available alternatives. Nowadays there are a lot of BI (business intelligence) tools
and software solutions that provide necessary support in the process of decision-
making. However, spreadsheets are still one of the most used tools for decision-

support because of their functionalities, ease of use, and flexibility.

Since the company supplies one main distribution centre, for the 3PL partner is
required to have a developed logistics network and to be able to deliver each order
to the customer on time. Therefore, it is necessary to apply the logistic concept of
cross-docking delivery. Cross-docking implies the existence of one large, main
distribution centre from which smaller distribution centres are supplied (Vogt,
2010). Smaller distribution centres’ locations provide the ability to cover all regions
and delivery locations in Germany. The essence of this concept is that full truck (Full
Truck Load - FTL) departs from the main distribution centre loaded with the goods
that have to be delivered to the multiple unloading points. The trucks arrive to
smaller distribution centres and each of them serves several unloading points.
Depending on which unloading point the goods have to be delivered, transhipment
is performed in a smaller distribution centre. Then, the goods are loaded into smaller
vehicles which transport them to the final place of delivery. This concept of delivery
proves to be efficient when it is necessary to deliver smaller quantities of 33-euro
pallets, as is the standard for FTL, to more locations. The described concept enables

savings in terms of time and costs.

The process of delivery is initiated with a sales order. Upon receiving the sales order
logistics planner records it in the existing spreadsheet tool and checks the inventory
level of ordered SKUs (Stock Keeping Unit). If there are enough inventories on
stock, a planner proceeds to creation of sales order in ERP (Enterprise Resource
Planning) system and creates a delivery note which is referred to the previously
created sales order. If there are not enough inventories on stock, the replenishment

order has to be created. The replenishment order should be created as soon as the
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stock level reaches a defined safety stock level. Safety stocks are often called reserve
stocks. They should satisfy the demand, during unforeseen, sudden events, which
were not foreseen in previous periods (machine failure in the production line,
unrealized deliveries, etc.) (Antic, 2014). For the inventory control problem,
considered in this paper, the safety stock was defined as an average daily sale for the
current month multiplied by Lead Time. Lead Time is defined as the time between
placing the replenishment order and delivering the goods to the customer. However,
given the lack of an adequate procurement plan and the lack of tools to support the
decision-maker in defining inventory replenishment points, this process represents
a significant challenge for the planner controlling the process. The planner takes

control actions based on his experience and his predictions of customer demand.

After order processing, a transport order with instructions for deliveries is created
and forwarded to the logistics provider in Germany. The logistics provider should
confirm deliveries within the required deadlines. According to the distance of the
retail distribution centre, one or two days before the required delivery date, the goods
are collected and sorted, depending on the place of unloading, and transported to
the appropriate distribution centre. On the delivery day, the goods are delivered to
the final place of unloading, and after the completion of deliveries in the current day,
the logistics provider sends information about the status of all deliveries. After
confirmation of deliveries, invoices are sent to the customer thus completing the

order delivery process.

The success of this process is depended upon successfulness of the inventory
control process. The inventory control process is a key factor in the success of the
delivery and ultimately customer satisfaction. To improve the process of inventory
control, it is necessary to identify material flows and their subjects in the process of
wholesale delivery. When material flows are defined, accumulation places of the
flow’s subject should be identified and implemented in the decision-support tool. In
this way, a decision-maker has available information about the state of the flow’s
subject all the time. Based on this information, the planner takes control actions that
will affect the state of the flows’ subjects, and thus the entire delivery process.
Appropriate decision-support tool, for the logistics planner, should enable insight
into data relevant for the process (inventory levels, forecasted demand, history sales

data, etc.) and generate suggestions of control actions for the decision-making.
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4.1 Specification and design of outputs

This stage is oriented toward end-user of the solution being developed i.e. model
interpreter. The end-user in this case is the person who uses the output of the
model/application for a specific purpose i.e. decision-making. The methodology
based on the structured design requires the outputs to be presented on separate
worksheets. Since the solutions’ main goal is the improvement of the material flows
control, users require three types of reports: active sales orders report, replenishment

realization report and delivery realization report.

Active sales orders report enables insight into all orders that will be delivered in the
upcoming period or that are already in the process of delivery. This report has
multiple benefits to the user of the application because it enables insight into
deliveries of ordered SKUs in the current and upcoming period, and decision-
making upon these deliveries (creating delivery routes, negotiating additional
quantities, etc.). The replenishment realization report provides an overview of
planned and realized inventory replenishments. The user has available different
statuses, which he can use for replenishment orders filtering (by processing, in
preparation, transit, realized and unrealized orders) and upon which he can perform
various analyses. Delivery realization report provides an insight into realization of
deliveries in the previous period. Based on these data the user performs analyses
such as: dynamics of deliveries by SKUSs, delivery locations, time period of the year,

service level, etc.
4.2 Conceptual design of the workings section

Conceptual design of the workings section shows the hierarchical relationship of the
model elements and their interconnections. It is created according to the importance
of functions and elements in the process itself. The first step is defining of root
elements, i.e. elements/functions of the highest level which do not have dependents.
On the top of the hierarchy are located the elements of the highest importance,
which represent the purpose of the process and below them are added the elements
that are their direct predecessors. The main goal of this stage is to visualize instances

of multiple dependants of a particular element of the model.



XV. INTERNATIONAL CONFERENCE ON LOGISTICS IN AGRICULTURE 2021

24 y . S
CONFERENCE PROCEEDINGS.

The purpose of developed spreadsheet application is an overview of all data relevant
to the specific SKU, which are necessary for decision-making and control of SKUs
material flow. Considering that, it is necessary to have available data regarding
planned inputs, state of inventory levels and planned outputs for each SKU. Figure

5. shows conceptual design of the workings section.

SKU

Sales order Production Delivery

Realization of
replenishment
plan

Active sales Replenishment
orders plan

Delivery

Sales order form :
realization

Figure 5: Conceptual design of workings section
(Source: Jeremic et al., 2020)

4.3 Logical design of the workings section

In this stage it is necessary to describe the structure defined in the previous stage in
more detail. Given that for complex spreadsheet models, a complex form of a graph
can occur when defining a conceptual design, in this step, it is necessary to transform
it into a tree form. Thereby, the two rules can be applied (Rajalingham et al., 2008).
The first rule introduces duplicating of the elements with more than one dependant,
whereby predecessors of these elements are not shown in the model at this stage.
The second rule implies that predecessors of duplicated elements should be
presented as a separate module in the tree form. Logical design of workings sections
of developed spreadsheet application, in accordance with previously described, is
shown in Figure 6. In this case, database of active sales orders represents predecessor
of two elements — sales order and SKU. Since this element does not have

predecessors, there was no need for presenting additional module.
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Sales order Active sales Production Delivery
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Sales order form replenishment o
orders plan plan realization

Figure 6: Logical design of workings section
(Source: Jeremic et al., 2020)

4.4 Construction of the workings section structure

Construction of the workings section structure defines how the previously described
structure and logic of the model are implemented in the spreadsheet. This stage is
based on the indentation principle which is applied to the row labels and its
corresponding values. Each value is indented by the assignment of a virtual
spreadsheet column for each indentation level. The elements of the same
hierarchical level are represented in the same column, whereby each row contains
only one function. Since the developed spreadsheet application doesn’t have
functions that interconnect its elements, Figure 7. represents a modified workings
section structure according to the applied structured methodology (Rajalingham et.
al., 2008). Since one of the main deficiencies of the existing spreadsheet tool was
data overprocessing and the need for a lot of manual work, the new spreadsheet
application is implemented with a significant level of work automation through the

procedures developed in Visual Basic for Applications.
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SKU Procedure
Sales order Procedure
Sales order form Procedure
Active sales orders Procedure
Production Procedure
Replenishment plan Procedure
Realization of replenishment plan Procedure
Delivery Procedure
Delivery realization Procedure
Aclive sales orders Procedure

Figure 7: Construction of the workings section structure
(Source: Jeremic et al., 2020)

Workings section is accessed through the main menu of the application or through
the navigation menu which is implemented for each worksheet. By filling the sales
order form users activate macro which transfers the data to the workings section.
The sales order element considers sales order management. If there are enough
inventories of ordered SKU, the user proceeds to the sales order processing. There
are three different sales order statuses: pending, ordered, and delivered. Pending
status means that the order is recorded but not processed. Ordered status considers
that the sales order is processed and that the delivery order is forwarded to the
logistics provider. Delivered status is active when the goods are delivered, and its
sales order can be archived in the database of realized deliveries. The user manages
the sales order status depending on its realization, which is coordinated with the
logistics provider.

If there is not enough of ordered goods on stock or its inventory level is below
defined safety stock, the user has to place the replenishment order. The
replenishment order form is the output of the inventory control model, which is
implemented through the spreadsheet application, and it is a part of the production
element. Each generated replenishment order has its status: ordered, in preparation,
transit, delivered, unrealized. Ordered status means that the replenishment order is
recorded, and it is pending for approval from the production department. In
preparation status defines that the order is confirmed, and it is in the process of
production. Transit status identifies that the order is on its way to the main
distribution centre. Unrealized status considers that the order is either rejected from

the production unit or it is decided to cancel its realization. All replenishment orders
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are presented in two reports, active and archived orders. Active orders report
consists of orders which have status pending, in preparation or transit. In the report
of archived orders there are the orders with status delivered or unrealized.
Depending on the realization of these orders, the user manages their statuses. When
the status changes the user has to update the reports, which is done by activating the

macro which transfers the data to the appropriate report.

In case when there are enough inventories on stock, the user processes the order
through the ERP system, sends delivery order to 3PL partner and changes its status
to ordered. After delivery realization, order status should be changed to delivered.
By activating the macro from active orders report all delivered orders are archived

to delivery realization report.
4.5 Construction of the input section

During this stage, it is important to separate the cells intended for the input of the
data, for two reasons. The first one refers to the importance of obtaining accurate
input data. The second reason is that data entry cells are often referenced in more
than one formula. In this manner possibility of formulae overwriting is reduced, as

well as accidental interference of users to the application functioning,.

The input section of the developed application consists of two input forms: sales
order form and replenishment order form. The sales order form implies following
input data: sales order number, requested delivery date, delivery destination, ordered
SKUs, the quantity of ordered SKUs. This order form is created considering the
clarity and ease of use, but the data arrangement is different than for the working
and output section. Therefore, a transition table is implemented in order to prepare
the data in the form and formats of destination database. The replenishment order
form is the output of the inventory control model that is implemented through this
spreadsheet application. This form consists of the following data: ordered SKUs, the
quantity of ordered SKUs and the requested loading date.
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Date: 2582019 CREATE A REPORT

. Total To b 1 tory level
On-hand Inventory in . ot Planned ,o € Safety stock nven ory e‘,le .
. N inventory delivered after deliveries Indicator
inventory (pal) transit (pal) income (pal) al)
(pal) (pal) (pal)

Himbeeren 300 g EDEKA 42 0 42 0 5 19 37 Enough inventories
BIO Himbeeren 300 g EDEKA 0 0 0 15 7 7 -7 | Stockout
Himbeeren 500 g BE 56 0 56 0 12 49 44 | Enough inventories
Himbeeren 750 g EDEKA 72 0 72 Q 8 74 64 | Regular replenishment
Himbeeren 1 kg FF 35 0 35 0 6 81 29 Enough inventories
Wild-Heidelbeeren 750 g EDEKA 49 0 49 16 8 33 Al Enough inventories

Figure 8: Input interface developed in Visual Basic for Application
(Source: Jeremic et al., 2020)

4.6 Implementation of functions and relationships

This step represents interdependences of model/application elements implemented
through calculations and formulas. In this step formulas and calculations needed for
the workings section are created. In contrast to the structure of conceptual and
logical design of the workings section, in which the top-down approach is applied,
this step is based on the bottom-up approach. The bottom-up approach implies
moving from the lowest hierarchical levels to the highest during formula creation.

The spreadsheet application, described in this paper, except for the control model,
does not have implemented calculations in the form of functions/formulas that
interconnect the elements of the application. Simple calculations are used at the level
of the working section, while interconnection of application elements is achieved by
the implementation of procedures developed in Visual Basic for Application. The
procedures fill the workings section and provide the appropriate output based on

the given inputs.

SKU SKUQverview ()
Sales order OrdersUpdate ()
Sales order form OrderEvidence ()
Active sales orders OrdersReport ()
Production RealizedReplenishmentsUpdate ()
Replenishment plan ReplenishmentEvidence ()
Realization of replenishment plan ActiveReplenishmentsUpdate ()
Delivery DeliveriesUpdate ()
Realization of delivery DeliveryEvidence ()
Active sales orders OrdersReport ()

Figure 9: Implementation of functions and relationships
(Source: Jeremic et al., 2020)
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4.7 Completion of the output section

Completion of the output section is the final stage of the application development
and implies definition of the output, based on the previously shown input values
and calculations. The output section of the described spreadsheet application
consists of several reports which represent records of certain material flows. These
reports are related to the elements of the structure diagram: sales order, production

and delivery.

The sales order element contains active orders report which gives insight to all active
sales orders in one place. This overview can be really useful in determination of trend
dynamics according to different criteria. The element production generates two
reports related to the realization of the replenishment orders, active orders and
archived orders. The active orders represent evidence of the orders that are pending,
ot they are in the process of realization. This report is divided into three parts related
to ordered, in preparation and orders in transit. The archived orders are orders
realized or rejected due to various circumstances. The delivery element results in a
report of realized deliveries. Based on the data from the report the user can perform
a various set of analysis, which can give him valuable information for the process of

decision-making,.

The newly developed application represents improvement of the existing
spreadsheet solution by increased automation, upgraded structure and various
reports upon which the user can perform different analyses. One of the greatest
benefits is shifting users’ focus from manual work to managing the process of frozen
fruit delivery, and allowing him to think about the further improvement of both,
process and application itself.
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