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1 Introduction

According to the Food and Agriculture Organization of the United Nations (FAQO), in
2020 around one in ten people worldwide suffered from hunger, and one in three people
did not have access to adequate food resources (World Hunger FAO,2021). On the other
hand, an estimated 931 million tons of food was wasted at the consumer level in 2019, of
which 61 percent was attributable to households, 26 percent to food service and 13 percent
to retail. This signifies that 17 per cent of total global food production was wasted. In
addition, 14 percent of the world’s food is lost before reaching the consumer level, from
post-harvest up to. The coexistence of Food Waste and people suffering from hunger
seems to be a paradox. It suggests that, with greater attention and better food management,
these two problems can be, at least partially, solved. Being able to identify the most

relevant causes is crucial to reduce food waste and loss generation.

This thesis focuses on the food surplus generated by one of the most critical type of food,
perishable food. Indeed, this type of food must be produced, transported, stored and
distributed under certain conditions of humidity and temperature. If these conditions are
not met, perishable foods may decay, spoil, or become dangerous. To avoid the generation
of food waste or loss from perishable food, it is essential to manage properly the Cold
Chain. According to the Global Cold Chain Alliance (GCCA), the cold chain is defined
as “the temperature management of perishable products in order to maintain quality and
safety from the point of slaughter or harvest through the distribution chain to the final
consumer” *. Identifying the causes of Cold Chain failures is necessary to understand

how and where to bring changes and improvements to reduce food loss.

An additional problem that emerges from the generation of food surplus and waste is their
management. Food surpluses may not always be donated or reused for human
consumption if the integrity of the cold chain is not respected. Identifying the impact that
cold chain failures can have on the product is essential to understand what the possible

destinations are, based on to the conditions under which the product was handled.

1 https://www.gcca.org/about/about-cold-chain
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This thesis is structured as follows:

- Chapter 2: this chapter describes the Literature Review that was carried out, it
introduces the concept of Cold Chain, which are the causes of Cold Chain
disruptions, the impact on the product and the possible destinations after a cold
chain disruption

- Chapter 3: this chapter focuses on the methodology and the approach followed to
carry out interviews and workshops in order to validate the results of the Literature
Review

- Chapter 4: the fourth chapter analyses the findings from the interviews and
workshops with companies

- Chapter 5: this chapter answers to the research questions and compares the results
of the literature review with the findings from the meetings with companies

- Chapter 6: the last chapter describes the contribute of this thesis and further

research



2 Literature Review

2.1 Literature Methodology

The analysis of the scientific literature is conducted by following specific steps, outlined
below. Initially, the macro-context of the research was defined, namely the food cold
chain, specifically from harvest to the retail. Consumer behaviour certainly affects food
waste generation and is one of the weakest points in the cold chain, but this thesis aims
to identify the steps in the cold chain that cause food waste and loss of food quality, on
which companies’ strategies can have a direct impact, therefore up to the retailers’ stores.
Before studying the scientific literature, an initial analysis is performed including reports
and documents published by national and international organizations and associations
which have the goal of solving specific issues, such as eliminating hunger and fighting
against food waste. These included UNEP (United Nations Environment Programme),
FAO (Food and Agriculture Organization of the United Nations), ReFED (Rethink Food
Waste through Economics and Data) and WRAP (Waste & Resources Action
Programme). Through these reports, the main objectives and focus of the research were
defined.

Specifically, two main lines of research were outlined: the causes of cold chain
inefficiencies, and possible destinations for food management once it becomes surplus or
waste. Using Scopus as research platform to study the scientific papers related to the
topic, a systematic literature review is conducted. In order to retrieve papers analysing

these issues, several keyword combinations are defined:
- ("food" AND "cold chain™)
- ("perishab*" OR "frozen" OR "chilled" OR "temperature")

- ("food quality" OR "food safety” OR "impact*" OR "cause*" OR "break*" OR
"failure*" OR "shelf life")

- ("waste*" OR "los*" OR "surplus™)

- ("collaborat*" OR "responsibilit*" OR "visibilit*" OR "transparen*" OR "long

distance™")

- ("environment*" OR "sustainab*" OR "global warming'")



The time interval considered was from 2011 onwards, from the publication of a major
article turning the spotlight on the issue, highlighting that on average about one-third of
the food produced is wasted each year. The research produced 225 papers. Most of the
articles are excluded after reading title and abstract. Among the exclusion criteria defined
in the Figure 1, there is an excessive focus of papers on a specific case or product, the
focus of articles on a single cause of food waste, since the goal of this research is to get a
general idea of all the root causes of cold chain inefficiencies at different stages. Another
exclusion criterion is the excessive focus of the articles on the generation of food waste
at the consumer level, that is out of scope of this thesis. After this initial screening, 40
papers remain, of which 15 are excluded because, based on their introduction, they are
not in line with the purpose of the analysis. Another 15 articles cited and related to the
remaining 25 are added to the analysis, finally obtaining 40 papers. Figure 1 details the
screening process followed to select the articles considered in the systematic literature

review.



Figure 1 Screening process of papers included in the systematic literature review
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2.2 Cold Chain

The studies of the importance of the cold chain management developed in the last 80
years, simultaneously with both the growth of the large-scale distribution networks and
food retailing, and its related technological advancement. Although the history of cold
chain management dates back to dawn of time when northern fishers used to preserve
their catch with ice. The development of first portable air-cooling unit for vehicles
transporting perishable goods expanded during World War 11 as integral part of transport

and preservation of pharmaceuticals, medicines and food used at military hospitals.

In the early 70’s some authors highlighted the importance of cold treatment of perishable
food. H. Mogford (1971) studies the difference of food safety between heat-treated and
untreated cream. The author analyses pathogen colony counts under different conditions,
where, heat-treated creams are transported in refrigerated vehicles and kept in cooled

warehouses, while untreated products are moved and stored without temperature control.

Cold chain management impacts on food safety and quality, thus on food waste and loss
generation. Although more recent literature offers several definitions, the Cold Chain can
be described as a “supply chain characterized by a controlled temperature and
maintained as such continuously throughout its various stages of production, storage and
distribution, with the help of systems and infrastructure capable of maintaining the level
of low temperature necessary to preserve the quality and safety of products? (Ndraha et
al, 2018; Mercier et al., 2017; Wu and Hsiao, 2021).

According to U.S. Department of Agriculture, goods that are likely to spoil, decay or
become unsafe to consume if not kept refrigerated or frozen®. Different perishable
products must be produced, stored and transported under food-specific conditions. In
literature several classifications are presented. Firstly, the end-consumer Cold Chain
markets are segmented into five categories, fruits and vegetables, bakery, milk products,
meat and seafood, drugs and pharmaceuticals (Liu et al., 2020). Second, focusing on the

food cold chain, based on temperature requirements, several types of treatments can be

2 https://www.onenetwork.com/supply-chain-management-resources/supply-chain-glossary/what-is-cold-
chain/ ; http://foodfacts.org.za/cold-chain/ ; https://www.gep.com/knowledge-bank/glossary/what-is-cold-
chain

3 https://ask.usda.gov/s/article/What-foods-are-

perishable#:~:text=Knowledge%20Article, products%2C%20and%20all%20cooked%20leftovers
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identified: frozen, cold chill, medium chill and exotic chill products. Frozen is below
minus 18 degrees, for ice creams and other food ingredients. Cold chill is zero degrees to
plus one degree, for fresh meat, most diary, most vegetables and some fruit. Medium Chill
is plus five degrees for cheese, butters and some pastry-based products. Finally Exotic
Chill is plus 10 to plus 15 degrees for potatoes, eggs and exotic fruit (Fernie J. & Sparks
L., 2004).

According to the IIAS (Istituto Italiano Alimenti Surgelati), an additional aspect to
consider is the sensitivity of each type of food. Different food typologies can tolerate a
higher or lower temperature rise during transportation and storage. I11AS created a table
that represents the optimum temperature for each food type during transportation, and the

maximum temperature rise that can be tolerated. Here it is possible to find some

examples.

Table 1 Maximum temperatures during transportation and tolerable temperature rise.

Source: 1AAS, Temperature dei prodotti alimentari

Product

Maximum temperature during
transport (°C)

Tolerable temperature rise for
periods of short duration or
maximum tolerable temperature

in fractional distribution

Pasteurized milk in packages +4 MAX +9
Yogurt +4 MAX +14
Butter +4 MAX +14
Fresh Cheese +4 MAX +14
Fresh beef, pork and horsemeat +7

Poultry meat +4 MAX +8
Minced meat +2

Fresh pastries +4 MAX +7
Fresh fish 0

Frozen meat -10 MAX -7
Frozen fish -18 MAX -15




2.3 Typical Cold Chain Structure

The different types of food need specific processing, different for each type of product,
in their journey from production, through the cold chain, to the final consumer. Although,

some common steps can be identified.
Figure 2 Typical Cold Chain steps
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A typical cold chain begins after harvest for fresh vegetables and fruits and after
processing for processed fruits, vegetables, dairy products and meat. The first step is pre-
cooling to bring the temperature to the optimum value for that specific product, while the
cold chain ends after the consumer places the food in a domestic refrigerator. Market
demand defines the length of the cold chain, depending on the number of distribution
centres through which food must pass before being shipped to retailers. Therefore, the
overall length of the cold chain can vary from a few hours to several months. There are
some critical points, but each step has an impact on the final quality of the food.
Potentially, indeed, food waste can be generated at any point in time along the cold chain.
(S. Mercier et al, 2017).

Depending on the typology of food, after being harvested, fished, breed or processed, the
heat of the product is removed through pre-cooling operations. This is a critical step
because during the early stages of the Cold Chain, perishable foods are subject to highest
temperature and loses shelf life at the highest rate. The concept of “shelf life” is generally
confused with “best-before” and “use-by” dates, but there is a difference. The latter two
terms represent a fixed date defined by the producer, whereas shelf life is a dynamic value
which depends on the history of environmental conditions that affect the actual quality of
the product. Shelf life is defined as the period of time the product can be stored at a certain
reference temperature until it is no longer suitable for human consumption, the customer
would refrain from buying it in the store or would no longer use it at home and then throw

it away (Jedermann R, et al, 2014).

After Pre-Cooling phase, perishable foods are generally stored and transported to their
end destination. Based on product’s features, demand characteristics and distribution
network, different transportation options are identified. In some cases, land transportation
is the best choice, but sometimes intermodal transport is needed. Although land
transportation by truck is by far the most common mode of food transport (Zhang X., et
al, 2020), with air transportation it is possible to reach regions distant from the place of
production or harvesting. The latter mode of transportation is, of course, recommended
in cases where high-value perishable foods with a short shelf-life need to reach the
destination point quickly, but on the other hand, there are high economic and

environmental costs involved in choosing this solution. The alternative to air



transportation is sea transportation, which is not appropriate for perishable foods with a

short shelf-life but represents a more cost-efficient solution.

After being processed, perishable foods are transported to one or more distribution centres

where they can be stored for several days.

To reach the final stage of the cold chain, the consumer, food is generally shipped to retail
stores, where products are placed in open or closed display cabinets or in specific

refrigerated storage rooms.

Food quality loss and food waste generation can occur throughout the whole cold chain,
but there are actually some stages that are more critical than others. Mercier et al. (2017)

suggest that four critical steps can be identified.

First, a significant reduction in remaining shelf-life can be caused by a small delay before
pre-cooling (Jedermann R, et al, 2014; Nunes et al,2014). As mentioned earlier, at this
stage products are exposed to a higher temperature than that maintained along the cold
chain, and therefore products are likely to lose quality very quickly. In addition, products
can also be damaged if they are quickly placed inside a pallet, due to temperature
heterogeneity that can occur at this stage between different pallets and even between

different positions within the same pallet.

Second, many studies report adequate temperature management and control within
transportation means, but cold chain failures during ground operations, then at the
beginning and end of transportation phase, during loading or unloading of goods (G.
Winkworth-Smith, et al, 2015 ;E. Skawinska & R.l. Zalewski ,2022). Therefore, during
transportation phase, delays and coordination errors between two or more actors in the

cold chain can have a direct impact on the quality transported products.

The third critical phase is display at retail stores. Sometimes, to maximize the
attractiveness of the products, they are not managed properly (Negi S. and Anand N.,
2019). For example, in order to attract consumer attention, store operators often overfill
refrigerated displays, but consequently, products do not receive the required refrigeration,

so they are kept at a temperature that is higher than the optimal one.

10



Finally, transportation and storage by consumers are identified by some authors as the
weakest link in the cold chain (Gogou, et al., 2015 ; Brown, et al., (2014). Some studies
report that if the average temperature, inside domestic refrigerators, decreases from 7°C
to 4°C, £162.9 million of perishable food would be saved. On the other hand, we should

consider the environmental and economic impacts of this recommendation.

2.4 Causes of Cold Chain Interruption

The attention and the awareness about the food waste is not something that has been
developed only in recent years, but studies concerning this issue have increased since
2011, since the release of an important article by Gustavsson et al. The authors claim that
one-third of food produced for human consumption is wasted or lost globally. With 1.3
billion tons per year, the resources and gas emissions used for food production are used
in vain. This paper also identifies some possible factors that lead to the generation of food
waste. Human errors at the harvest stage, whereby some farmers harvest crops too early,
resulting in the loss of nutritional and economic value of food that may be wasted if it is
no more suitable for consumption. In post-harvest stages, poor storage facilities and
infrastructures can compromise food safety and quality. In these phases of the Cold Chain,
inadequate handling and lack of proper temperature control can result in unsafe food.
Some products are rejected by retailers because of their too high-quality standards related
to food appearance, shape and weight. Finally, in retail stores, consumers expect a wide
range of products to be available. This increases the likelihood of some of them reaching

their expiration date before they are sold and thus be wasted.

There is a vast literature related to cold chain disruptions and the consequent factors

leading to food waste and loss generation.

Mena et al. (2011) study the main root causes of food loss and waste though interviews
with English and Spanish companies that grow fresh agricultural products or manufacture
processed foods. The authors divide the causes by food type, specifically identifying three
different foods categories: Ambient, which includes very long shelf-life products, fresh
vegetables and fruits, secondly Chilled foods, such as diary products, meat and fish, and
finally Frozen products. The results show some factors affecting waste that are not fully
controllable by companies and, on the other hand, a number of causes that depend directly

on management practices. Indeed, the problem of waste is often worsened by factors on

11



which company strategies have a limited impact, namely industry trends, such as
increasing demand for fresh food or for out-of-season products, and external constraints
and conditions, such as weather fluctuations and longer lead times for imported products.
While, on the other hand, some factors that depend on management by the company are
common between the two countries. Lack of information sharing, coordination problems,
are often creating forecasts inaccuracy and this is one of the root causes for food waste.
Furthermore, several companies do not focus on prevention of waste and they don’t build
an organizational structure for waste management. In addition, packaging can also create
problems along the cold chain, particularly for chilled and frozen products. By analysing
the main causes of waste generation, focusing on chilled and frozen products, several
factors are related to Cold Chain inefficiencies, such as appearance differences due to
poor temperature management, refrigeration equipment failures, product damage due to

human errors, refrigeration problems during transport and packaging failure.

Vermeulen et al. (2012) underline how some factors that do not depend on companies’
strategies and choices influence waste generation. They focus primarily on the impact of
climate change on food systems. Starting with activities in the production phase, rising
temperatures can positively affect crop growth, in temperate regions, but especially
negatively in water-constrained tropical regions. Climate change certainly affects food
safety; in fact, higher temperatures lead to an increase in infectious diseases related to
foodborne pathogens, such as Salmonella. As for harvesting, in extreme cases, post-
harvest losses can reach extremely high values such as 50 percent for fresh vegetables in
Indonesia and 80 percent for rice in Vietnam. In addition, postproduction activities are
also affected by climate change: for example, in storage stages, for each 2-3°C rise in
temperature, the shelf life can even be reduced by half. Finally, weather conditions
influence consumer behaviour, and, especially in high-income countries, seasonal
markets are based on demand rather than on supply characteristics. Therefore climate
change affects the products demanded by consumers leading to a greater difference

between demand and forecast, resulting in food waste.

Goldenberg (2016) identifies six stages in the supply chain where food waste mainly
occurs in America. First, at the farm, for example, potatoes can become waste due to
“cosmetic demand”, meaning that products do not reach the market because of their

appearance, such as their size or their colour. Second, foods like strawberries must be

12



handled very carefully and the pre-cooling phase is crucial. These types of goods do not
have a very long shelf-life, so they must be cooled within two hours after being harvested.
Third, transportation is another critical part of the process, because of the multiple stops
required, possible human errors and the very long time required to transport products: in
the United States, a typical food travels nearly 2,400 kilometers from the field to the
processing plant, to the retail store, and finally to the restaurant or consumers' home. The
fourth stage is in supermarkets and restaurants, where food products are discarded
because of incorrect forecasts or due to the high appearance standards required by the
stores. At this stage foods such as lettuce, with 10-12 days of freshness remaining, are
wasted every day. Very often people buy more food than they really need, as in the case
of bread, one of the most wasted foods in the household. The last stage in the supply chain
where food waste is generated is the consumer's refrigerator: many people throw away a
huge amount of food stored in their refrigerator, thinking it has gone bad, when actually
it is still edible.

UNEP (United Nations Environment Programme) studies where the greatest food waste

is generated along the supply chain.

Table 2 Estimates of global food waste by sector

Global average food waste 2019 total (million tonnes)

(kg/capita/year)
Household 74 569
Food service 32 244
Retail 15 118
Total 121 931

Source: UNEP 2021

According to Goldenberg, the high level of food waste at household level is due to the
incorrect evaluation of expiration dates, sometimes provided for retailers’ convenience to
encourage their turnover. A single standard for product labelling or a shift to waste-
avoiding terms, such as “freeze by”, would reduce waste generation especially at the

household level. ReFED (Rethink Food Waste through Economics and Data) estimates
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that standardization of labels would lead to a 20 percent reduction in household food

waste.

Winksworth-Smith et al. (2015) and Gustavsson et al. (2011) study the main factors
affecting the cold chain integrity. They identify some causes that are more likely to occur
in developing countries and, on the other hand, some aspects more related to developed
areas. The factors that affect cold chain performance and lead to food quality loss and
food waste are different between developed and developing countries. In the former 40%
of food loss occurs at the retail and consumer level, while in the latter 40% of food loss
is generated at post-harvest and processing levels. Indeed, as far as developing countries
are concerned, food waste occurs due to wrong harvesting practices, poor or non-existent
Cold Chain, missing governmental policies and poor infrastructures, such as unreliable
electricity and bad roads. In developed countries, on the other hand, food loss along the
cold chain is mainly related to field losses, improper handling, loading and temperature
control, and finally rejection of food that does not meet the specifications demanded by
consumers and retailers. One of the UNEP's most recent study does not confirm this
difference. The table below represents estimates of household food waste generated by
the countries with the greatest impact, for each continent. The table does not include all
countries, but only those for which a medium to high confidence estimate could be
obtained. This study reflects the high food waste generated at the household level in
developed countries, such as in Australia, where each person, on average, wasted 102 kg
of food in 2021, Malta with 129 kg and Greece, which reached 142 kg per capita. On the
other hand, however, in some cases people living in developing countries generated the
same level of waste, sometimes even more. For example, according to UNEP, people in
Nigeria, Rwanda, and Irag throw away more food on average than citizens of some more

developed countries.
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Table 3 Household food waste estimate by country

Country H_ousehold fooq waste
estimate (kg/capita/year)
AFRICA
Nigeria 189
Rwanda 164
Kenya 99
AMERICA
Mexico 94
Canada 79
Colombia 70
ASIA
Bahrain 132
Irag 120
Lebanon 105
EUROPE
Greece 142
Malta 129
Hungary 94
OCEANIA

Australia 102
New Zealand 61

Source: UNEP, 2021

Other authors, Turan and Ozturkoglu (2021), attempt to assess what are the main potential
factors that most affect food cold chain performance, thus leading to the generation of
food waste. Errors during loading, unloading and handling practices by the staff are the
causes that have the greatest impact on cold chain integrity. This may be related to the
low level of knowledge and training and the lack of qualified and competent staff. Food
safety is also affected by technical issues; high temperatures due to malfunctions or
interruptions in the refrigeration system can lead to loss of food quality. Third, elements
that do not depend on companies, such as weather conditions and inefficiencies related to
legal obligations can directly affect food quality and safety. The fourth influential factor
is packaging. In fact, contamination, hygiene problems and lack of freshness of products

are problems that can arise if proper packaging is not used.

By deeply analysing the literature, cold chain failures occur due to a variety of causes.

Some food waste is generated as a result of technological damage and malfunctions along

15



the different stages of the cold chain. Some examples are broken packaging, the use of
improper packaging, outdated or uncertified refrigeration systems, and, in some cases,

even a real lack of adequate resources.

At the root of the reduction in food quality may also be poor supply chain management,
especially when it includes many players and it is geographically extensive. Indeed,
different modes of transportation and long distances can lead to inefficiencies along the
cold chain, and thus result in food temperature rise, while the presence of different
standards can create coordination problems between actors in the same cold chain from
different countries. In addition, many studies report the difficulty of establishing the
optimal temperature, as different types of food are often placed in the same container. To
minimize environmental impact or to maximize sales, perishable foods are often not
handled in the right way; transportation means may be overloaded to reduce the number

of shipments, and open displays are used in retail stores to improve product presentation.

Sometimes, however, the cause of cold chain failure must be sought internally within the
company. There may be errors in operations, staff may not be trained enough, there may
be errors in food handling or excessively long stops during transportation. There could be
errors in planning and forecasting, and sometimes lack of temperature management and

control could cause food safety problems.

Another category of causes of cold chain failures is external factors, i.e., aspects that are
beyond the control of companies. When transporting perishable food, traffic can affect
timing and some incidents may occur. A further element to consider is the variation in
external temperature, either during the year due to seasonality or due to excessive

temperature rise related to climate change.

A framework is developed in order to represent the causes of cold chain inefficiencies
leading to generation of food waste and loss. This framework divides the main causes of
cold chain inefficiency into the four previously defined categories and represents the
authors' shared knowledge in the literature. To confirm these elements, the framework
was presented to companies that actually operate at different stages of the cold chain. The

validation results are presented in the next chapters.
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Table 2 Causes of Cold Chain inefficiencies leading to food waste generation

POSSIBLE CAUSES OF
COLD CHAIN FAILURE

EXAMPLES

SOURCES

TECHNOLOGY:
Malfunctioning or damage of
technological
equipment/systems of product
preservation

Blackout-power failure

Packaging breakage/damage
(excessive moisture), use of
inappropriate packaging

Air circulation problems -
ventilation interruption

Use of obsolete or non-certified
refrigeration systems, lack of
preventive maintenance

Lack of adequate resources
(means of transportation,
infrastructure, ...)

Jedermann et al., 2017; Mena et
al., 2011; Turan and
Ozturkoglu, 2021; Winkworth-
Smith et al., 2015; Mercier et
al., 2017.

Mena et al., 2011; Lorenc et al.,
2021; Turan and Ozturkoglu,
2021

Negi and Anand, 2019; Mercier
etal., 2017

Jedermann et al., 2017

Kumar et al., 2020; Negi and
Anand, 2019; Mercier et al.,
2018; Liu et al., 2014;
Winkworth-Smith et al., 2015;
Gustavsson et al.,2011

SUPPLY CHAIN
MANAGEMENT:

Critical issues in managing a
geographically extensive and/or
disintermediated supply chain

Different cold chain
management practices/standards
(e.g. in terms of regulations,
procedures, ...), inconsistency
between practices/standards in
different countries

Different transport stages and
modes (loading, unloading...),
long distances

Lack of visibility and
integration of information flows

Transport of different products
with different temperature
ranges, with different "stops"
(continuous door opening...)

Saturation of transportation
means (due to constraints
related to CO2 emissions); use
of open linear to improve
product presentation

Lack of allocation of
responsibilities

17

Stellingwerf et al., 2021; Kumar
et al., 2020; Badia-Melis et
al.,2016

Negi and Anand, 2019;
Jedermann et al., 2014

Mena et al., 2011.

Winkworth-Smith et al., 2015

Negi and Anand, 2019;
Stellingwerf et al., 2021; Cong
et al., 2019; Mena et al., 2011;
Lorenc et al., 2021; Turan and
Ozturkoglu, 2021; Winkworth-
Smith et al., 2015

Mena et al., 2011; Winkworth-
Smith et al., 2015




Difficulties related to surplus
donation (limited storage
capacity by NPOs, limited
knowledge of regulations)

Kumar et al., 2020; Winkworth-
Smith et al., 2015; Jedermann et
al., 2014

INTERNAL
ORGANIZATIONAL AND
OPERATIONAL:

Critical organizational and
internal operational issues
within the company

Errors in operations (e.g.
mishandling, door left open ...),
inadequately trained staff, long
stops during transportation

Errors in planning and
forecasting (Overproduction,
Administrative delays,
Organizational inefficiencies,...)

Lack of temperature monitoring,
lack of quality control

Negi and Anand, 2019;
Stellingwerf et al., 2021; Cong
et al., 2019; Mena et al., 2011;
Lorenc et al., 2021; Turan and
Ozturkoglu, 2021; Winkworth-
Smith et al., 2015; Gustavsson
etal.,2011

Mena et al., 2011; Winkworth-
Smith et al., 2015

Kumar et al., 2020; Winkworth-
Smith et al., 2015; Jedermann et
al., 2014; Gustavsson et al.,2011

EXTERNAL FACTORS:
Critical issues related to aspects
that cannot be controlled by the
company/industry

Excessive temperature rise
(global warming may make it
difficult to maintain the defined
temperature throughout the Cold
Chain), temperature differences
in different seasons

Accidents, Traffic,...

Negi and Anand, 2019; Mercier
et al., 2018; Stellingwerf et al.,
2021; Turan and Ozturkoglu,
2021;Vermeulen et al., 2012

Kumar et al., 2020; Mercier et
al., 2018

2.5

Impact on the Product

After having examined the main causes of Cold Chain inefficiencies that lead to food
quality loss and food waste, a significant aspect to consider is the impact of these events
on perishable foods.

Firstly, temperature abuses along the Cold Chain can affect food safety, when perishable
food is not handled under the optimal conditions, various bacteria responsible for food
poisoning can develop. In order to preserve food from bacteria, the Food Safety
Information Council* suggests that products should not be stored between 5°C and 60°C.
This temperature range represents the Danger Zone, where food poisoning bacteria can
grow to levels that will compromise food safety. According to the U.S. Department of
Agricolture®, bacteria can actually double in number in just 20 minutes when perishable

foods are stored in the danger zone. Different types of bacteria affect food safety, but the

4 https://foodsafety.asn.au/topic/temperature-danger-zone/
5 https://www.fsis.usda.gov/news-events/news-press-releases/usda-urges-consumers-keep-clear-danger-

Zone-summer
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type of pathogens and how bacteria impact food safety depends on different variables,
including food category. Several papers in the literature study how temperature conditions
and other factors affect the growth of food bacteria.

Different authors study the survival and the growth of pathogens like Salmonella enterica,
Listeria monocytogenes and Esterichia coli O157:H7 on fresh vegetables at different
temperatures for different periods of time. The results show that the growth of these
pathogens varies depending not only on temperature and storage time, but also on the
type of pathogen and food. (Tian, et al., 2012; Hong, et al., 2014; Huang, et al., 2015;
Nyarko, et al., 2016; Huang, et al., 2019)

Colas-Meda et al. (2017) add that, during food processing natural protective barriers are
removed, leading to nutrients loss and providing entry points for pathogens.

Secondly, cold chain malfunctions that lead to temperature abuse may have a less severe
impact, compromising not the safety of the food but its quality only. Food quality can be
measured through several parameters, such as the previously defined concept of shelf-
life, which is the length of time a product can be stored at a certain reference temperature
until it is no longer suitable for human consumption; the customer would refrain from
buying it in the store, or the customer would no longer use it at home and would throw it
away (Jedermann R, et al, 2014). Sometimes temperature abuse, or high humidity, affects
the presentation of the product to customers, who usually prefers not to buy it, even
though the good is completely safe and maintains the original taste. Several authors state
that some visual aspects of perishable food, such as the surface colour of the product,
depend on the conditions under which the good is handled, stored and managed (Rogers,
et al., 2014; Rosenvold and Wiklund, 2011; Gao, et al., 2018). When food is thrown away
only because of its appearance, even though it retains all the safety and quality factors, it

is real food waste.
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2.6 Food Surplus and Waste Management

Very often the efforts made are not sufficient to prevent the generation of food waste, and
this has a negative impact from environmental, economic and social point of view. The
attention paid to food waste and related issues is expressed in the Agenda 2030, defined
by United Nations as an “action programme for people, the planet and prosperity”®. This
plan is shared among a number of countries working in a collaborative partnership in

order to achieve 17 sustainable goals, represented in the figure below.

Figure 2 AGENDA 2030: Sustainable Development Goals
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Source: https://en.unesco.org/sustainabledevelopmentgoals

Specifically, the Target 12 of the Sustainable Development Goals (SDG) calls for
reducing by half the per capita food waste at the retail level and reduce food losses along
food supply chains by 2030. By working on the reduction of food waste other three

important goals can be achieved.

Firstly, the presence of people suffering from hunger or food insecurity. SDG Target 2
calls for ending hunger and achieve food security. In 2020 around 1 in 10 people

worldwide suffered from hunger, and 1 in 3 people did not have access to adequate food

® https://en.unesco.org/sustainabledevelopmentgoals
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resources (World Hunger FAQ,2021). Especially as the world population grows, the
problem of food security may even worsen in the future (FAO,2019). The existence of
both world hunger and massive food waste, at the same time, seems to be a paradox which
suggests that, with greater attention and better food management, these two problems can
be solved. In fact, while millions of tonnes of food are wasted, on the other hand, one in
ten people suffered from hunger in 2021. According to FAO (2022) an estimated 702 to
828 million people were undernourished in 2021. Unfortunately, this number increased
after the outbreak of COVID-19 pandemic, 103 million more people between 2019 and
2020 and 46 more in 2021. Moreover, in 2021, 2.3 billion people were moderately or
severely food insecure, around 30% of the global population, 350 million more people
than in 2019.

A comparison between the locations where people that suffer from hunger and
undernourishment live and where food waste is generated could be an interesting point of

reflection.

FAO studies the distribution of people suffering from hunger in the world. As depicted
in Figure 3, the continent with the largest number of people suffering from
undernourishment is Asia, with 425 million, followed by Africa, with 278 million, in
Latin America 57 million, only 3 million in Oceania, and finally FAO does not report

estimates for North America Europe because the prevalence is less than 2.5 percent.
Figure 3 Projected number of people suffering from hunger in 2021
LATIN AMERICA AND

THE CARIBBEAN
57 million

NOT
UNDERNOURISHED UNDERNOURISHE...

7,107 million
OCEANIA

3 million

NORTHERN AMERICA
AND EUROPE
n.r.

Source: FAO (2022)
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UNEP, on the other hand, investigates where food waste is mainly generated. Table 5,
represents estimates of the total amount of food wasted at the household level by the
countries that throw away the highest amount, in tonnes, of food, including only those

countries whose value could be estimated with a medium to high confidence level.

Table 5 Countries associated with the highest household food waste generation

Country Ho_usehold food waste
estimate (tonnes/year)
China 91.646.213
India 68.760.163
Nigeria 37.941.470
Indonesia 20.938.252
United States of America 19.359.951
Pakistan 15.947.645
Brazil 12.578.308
Mexico 11.979.364
Bangladesh 10.618.233
Ethiopia 10.327.236
Japan 8.159.891
Germany 6.263.775
France 5.522.358
Kenya 5.217.367
United Kingdom 5.199.825
Russia 4.868.564
Iraq 4.734.434
Italy 4.059.806
Spain 3.613.954

Source: UNEP (2021)
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Table 6 focuses on Europe, giving an overview of food waste per capita, in the countries

with highest impact on food waste at household, retail and food service levels.

Table 6 European countries associated with high food waste generation by sector. Source: UNEP (2021)

comry |
Household
Greece 142
Malta 129
Hungary 94
Food Service
Ireland 56
Switzerland 40
France 32
Retail

Denmark 30
France 2
Russia 14

Source: UNEP (2021)

Secondly, as stated by the Executive Director of the United Nations Environment
Programme, Inger Andersen, “If food loss and waste were a country, it would be the third
biggest source of greenhouse gas emissions”. Indeed, producing food that is not eaten,
lost in the supply chain or wasted at the retail level, represents a waste of economic and
environmental resources. In particular, food loss and waste have three different
environmental impacts (FAO,2019). Starting from the Greenhouse Gas (GHG) emissions
from the fact that food waste must not only be disposed, but also produced, transported,
processed and distributed. Additionally production of food waste requires utilization of
land resources causing damage to forests, that are essential for environmental
sustainability. Finally food waste has also a water footprint, which is a measure of the
amount of freshwater used to supply, produce and process the food product. Agenda 2030
includes these dimensions too, specifically with SDG 6 on the efficiency of water use,
SDG 13 calling for a reduction of GHG emissions and SDG 15 on conservation of
ecosystems (Papargyropoulou, et al., 2014).

Vermeulen et al. (2012) study the impact of food systems on climate change. Specifically
the authors identify which food system activities generate greenhouse gases, thereby

influencing climate change. These activities are divided into three main categories. Some
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of them refer to stages prior to production, such as fertilizers use and animal feed
production. Second, the stages of food production largely generate direct and indirect
emissions. Focusing on agricultural activities, direct emissions are mainly caused by
biomass burning, enteric fermentation and land use. While, indirect emissions are related
to deforestation and forest degradation: about 80% of the new land used for agriculture
comes from forests replacement, and this has an heavy indirect impact on climate change.
Finally, many post-production activities responsible for generating emissions can be
identified, such as processing, transportation, packaging, refrigeration, retail activities
and domestic food storage. In conclusion, through the reduction of food waste it would

be possible to greatly reduce the level of emissions generated by the food system.

Finally, reducing food waste also affect the economic dimension. The economic costs
related to food waste for Europe in 2012 are estimated to be about 143 billion euros
(Stenmarck et al., 2016). Around 98 billion euros are associated with household food
waste, while production, processing, food service, and wholesale and retail are

responsible for the remaining one-third of these costs.

Figure 4 Costs associated with food waste by sector (values in billions of euros)

Source: Stenmarck, A., Jensen, C., Quested, T., & Moates, G. (2016). Estimates of European food waste
levels. FUSIONS, 2016.

According to WRAP (Waste & Resources Action Programme), a British registered

charity organization, achieving SDG 12, i.e., reducing food waste and loss by half by
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2030, would result in a reduction of food waste, in the UK only, by about 3.5 million tons

per year, with annual food savings of £10 billion.

Once food surplus is generated, cold chain actors need to figure out how to limit further
loss of economic, social and environmental value of the product.

The Food Waste Hierarchy is a framework that indicates the possible destinations of food
surplus and waste, starting from the most socially preferable to the least socially

preferable option (Papargyropoulou, et al., 2014).

Figure 5 Food waste hierarchy
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Source: Papargyropoulou, E., Lozano, R., Steinberger, J.K., Wright, N., & bin Ujang, Z. (2014). The food waste
hierarchy as a framework for the management of food surplus and food waste. Journal of Cleaner Production, 76
(1), 106-115

Once surplus food is generated, the best option is Reuse for human consumption, through
various channels such as food banks and redistribution networks. If the first option is not
available, food can still be used as an important environmental resource by recycling it as
animal feed or compost. If even the Recycling solution is not feasible, Recovery is the
last destination that would allow the value of food waste not to be completely lost; this
destination is an opportunity to recover, even partially, a certain amount of energy from
the food waste. Finally, according to the Food Waste Hierarchy, food waste disposal

should only be considered as the last option.
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Once the different possible destinations of surplus and food waste have been evaluated
from a social point of view, analysing solutions also in terms of their environmental
impact becomes essential to have a complete overview.

A general evaluation is not possible because the environmental impact may depend on
the properties of individual food products. However, one paper studies the greenhouse
gas emissions required to manage waste from different types of food. The most favourable
destinations for food waste in terms of environmental impacts correspond with the high
levels of the food waste hierarchy. Indeed, for all five food products considered in the
study, landfilling was the option with the highest greenhouse gas emissions, while
donation and anaerobic digestion were the destinations with the lowest environmental
impact (Eriksson, et al., 2015).

Considering the food quality and the regulations governing the requirements for which
food can be donated to the food bank for human consumption, or donated for animal feed,
it is possible to identify what actions are best to reduce environmental and social impacts.
Papargyropoulou et al. (2014), propose a second framework to highlight the options that

can be chosen according to the food waste typology.
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Figure 6 Possible food waste destinations
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It is essential to consider a distinction between food surplus and food waste. Food surplus

can be defined as the edible food that is produced, manufactured, retailed or served but

for various reasons is not sold to or consumed by the intended customer (Garrone, et al.,

2014), while food waste is “food and associated inedible parts removed from the human

food supply chain” (FAO food waste index 2021). Finally, the framework highlights

differences in management of avoidable and unavoidable food waste. WRAP defines the

former as “food and drink thrown away that was, at some point prior to disposal, edible”,

and the latter “waste arising from food or drink preparation that is not, and has not been,

edible in normal circumstances”.
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2.7 Research Gaps

Three lines of research can guide the analysis of literature, i.e., the causes of sources of
risk and criticalities leading to inefficiencies of the cold chain, the most critical cold chain
steps, and food waste management once products become surplus food or waste.
Following the extensive literature analysis, some gaps emerged regarding these different
areas.

FIRST GAP: Lack of comprehensive and exhaustive research on the sources of
criticalities leading to cold chain inefficiencies and, therefore, to food waste
generation.

The literature presents in most cases a fragmented analysis of the causes of surplus food
and food waste related to cold chain failures and inefficiencies.

SECOND GAP: Lack of comprehensive and exhaustive research on the cold chain
most critical steps.

The literature analysis shows lack of exhaustive identification of the most critical steps
in the cold chain where failures are most likely to occur.

THIRD GAP: Lack of comprehensive and exhaustive research on the destinations of
surplus food and food waste.

The analysis of the destinations of surplus food and food waste is approached in a
theoretical way, without considering the options actually chosen by the actors at the
different stages of the cold chain. The literature also lacks an evaluation of barriers and
of identification of external players that are involved in the different food waste
management strategies.

FOURTH GAP: Poor correlation between the three main topics — the identification
of the most critical points in the cold chain where failures can occur leading to the
generation of food waste, and the management of surplus and resulting food waste.
The current literature deals with these issues in a separate way, not delineating the entire
flow of the product, from the causes of cold chain failure to its destination as food surplus
or waste.

FIFTH GAP: Lack of comprehensive and exhaustive research studying the

phenomena along the whole chain
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2.8 Research Questions

After having identified the four research gaps, two research questions have been defined,

which guided both the literature review and interviews with companies.

RQ1: Which are the main sources of risk and criticalities leading to inefficiencies of the

cold chain and consequently to the generation of surplus food and food waste?

RQ2: Which are the circular practices that is possible to implement to valorise surplus

food once it is generated?

The first question tries to guide this thesis to mainly answer the first two gaps. Indeed,
there is information and data in the literature on the causes of cold chain inefficiencies
and failures that lead to food quality loss and food waste generation, but this knowledge
is not comprehensive and, in most cases, the study of this topic is fragmented. In order to
fill this research gap, a framework is developed, built with the results of the literature

review, and then validated and updated through interviews and workshops.

The second gap filled by trying to answer this first research question is the lack of
comprehensive and exhaustive research on the most critical stages of the cold chain where
failures are most likely to occur. With the goal of identifying the actual sensitive points,
it is possible to study a specific and comprehensive cold chain using information shared

by a major player in the food cold chain industry.

By trying to answer to the second research question, it is possible to fill the last two gaps
in the literature. Through discussion with companies, it is possible to validate a second
framework that represent the possible destinations of surplus and wasted food from the
cold chain. The last gap in the literature, namely the poor correlation between studies on
the causes of cold chain failures, the impact on the product and its final destination, can
also be filled. By representing a real cold chain and involving companies operating at
different stages of the cold chain, the entire product flow from cold chain failure to its

destination as surplus or wasted food can be delineated.
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3 Methodology

This thesis is guided by two main research questions. In an attempt to answer these two

research questions, a literature review is carried out.

In order to validate the results that emerged from the literature review, several interviews
and workshops have been conducted with a number of companies that operate in the food
cold chain sector. In the second part, this chapter presents the topics discussed with these

actors during the two workshops.

To have an idea of what really happens in the cold chain, where are the real critical points,
what are the actual destinations for food waste and surplus once generated, a deep
scientific literature review is not enough. It is necessary to compare and to discuss the
issues studied in literature with companies working in the food cold chain. To this
purpose, two interviews and two workshops are carried out to analyse the case study of

the Yogurt cold chain.

All these meetings are recorded, with the consent of the interviewees, and transcribed to
facilitate their analysis and coding. The coding process can be performed in two ways:
following a deductive approach or following an inductive approach. In the first case, the
categories and codes used to analyse the text are defined from the existing theory on the
topic studied. According to an inductive approach, on the other hand, the codes are not
predetermined but are defined directly from the text of the interviews (Ghezzi, 2021). To
analyse the different meetings with companies, since a literature study was conducted,

the deductive approach is chosen.

The workshops are very valuable because they allow us to get several points of view from
companies that operate along the cold chain at different levels. In particular, the players

participating at the interviews and workshops are the following:

- Company A is a multinational manufacturer of a wide range of food products, a

leader in several sectors of which the diary sector is one of the most relevant ones.

- Company B is one of the world’s leading manufacturers in the field of heat
exchange equipment, operating in different markets, such as refrigeration, process

cooling for industrial applications and glass doors for refrigerated counters.
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- Company C is a solution provider, offering innovative solutions to companies
operating in the agribusiness sector, IT infrastructures & Services, Green

Solutions for Agrifood and Pharma Supply Chains.

- Company D. The core business of this company is the storage and distribution of

products, such as fruits, vegetables, and fresh products, at controlled temperatures.

- Company E. This player designs and manufactures entire refrigeration systems,
refrigerated display cabinets and aisles, for different sectors mainly Food &

Beverage and Retail.

- Company F is a major retailer, operating at the last stage of the cold chain, in
direct contact with end customers. Company F, thanks to its position along the
chain, has high visibility on food surplus and waste generation due to high quality

standards required and unsold products.

In order to encourage dialogue, a semi-structured interview (SSI) approach is followed.
According to Adams (2015), “the SSI employs a blend of closed- and open-ended
questions, often accompanied by follow-up why or how questions. The dialogue can
meander around the topics on the agenda—rather than adhering slavishly to verbatim

questions as in a standardized survey—and may delve into totally unforeseen issues”.

In the next chapter the aspects that are discussed, the findings and the coding of the

different meetings are presented.
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4 Findings

4.1 Workshop |

The players participating in the first workshop are the following:
- Company A
- Company B
- Company C

The workshop begins by proposing to the companies a standard definition of the cold
chain, which is “a supply chain characterized by a controlled temperature and
throughout its various stages of production, storage and distribution, with the help of
systems and infrastructure capable of maintaining the level of low temperature necessary
to preserve the quality and safety of products”. All three companies do not completely
agree with the proposed definition, especially because, actually adequate and continuous

temperature control is not always carried out.

By discussing about the lack of a continuous temperature control, a second theme
emerged, the lack of a single responsible for the entire chain. In a typical cold chain,
several companies are involved, without an actor who is responsible for managing the
product from pre-production activities to sale. The presence of multiple players makes it
difficult to share product management information among the different actors. Greater
transparency between the players would allow to create a single information flow along
the entire product lifecycle, and as a result, a more accurate evaluation of the actual food

quality and safety would be possible.

The framework developed thanks to the literature review, outlined in the previous chapter,
is presented to companies, who are asked to share the root causes of cold chain disruption
and inefficiencies that, based on their experience, are more likely to occur. From a
technological perspective the use of non-certified refrigeration systems is a common
factor affecting cold chain integrity. Looking at aspects related to Supply Chain
management, in addition to the lack of proper allocation of responsibility and the absence
of an actor controlling product management throughout the whole cold chain, an

additional cause is the presence of uncoordinated standards across countries. Another
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issue expressed by the workshop participants is the trade-off between the need to manage
product under specific conditions and, on the other hand, the optimization of
sustainability goals, such as reducing CO2 emissions. The use of a lower number of
transportation means, that are often overfilled, causes higher temperatures inside the
trucks and thus potentially reducing the quality of the food transported. From an
operational point of view, only one aspect is emphasized: adequate temperature control
is not always carried out, especially during loading and unloading operations. Finally,
there are some external factors, such as the increasing temperature due to both seasonality
and climate change, traffic and incidents during the transportation that negatively affect

the conditions under which products are managed.

Another topic is the impact of cold chain disruptions on the product. Factors that lead to
a temperature rise can heavily affect the product if the food safety is compromised,
otherwise only food quality is reduced when, on the other hand, consumption is
completely safe for the consumer. According to companies, after cold chain interruptions,
food quality is more likely to be compromised than food safety. However, sometimes
food is even thrown away just because its appearance is not optimal; even though the
product is completely safe, its quality is preserved, and only the packaging is damaged

due to too high humidity level, goods can be rejected by retailers and turn into waste.
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Table 7 Coding of first workshop (deductive approach): causes of cold chain inefficiencies leading to generation
of surplus food and food waste

Cause Macro- Cause Quote Citation
Category Origin
Use of obsolete or non-certified “It is important that the evaporator is
Technology refrigeration systems, lack of from a certified manufacturer soasto  Company B
preventive maintenance guarantee these parameters.”
Different cold chain management
practices/standards (e.g. in terms of  “In Europe there are storage
regulations, pr res, ... mperatures of the same pr
_ gu at_ ons, procedures, ...), temperatures of tl gsa e product Company A
inconsistency between category that are different from one
practices/standards in different country to another.”
countries
. “The concept of breaking the cold
Different transport stages and modes . P . g
. . chain often happens in extreme
(loading, unloading...), long . - Company A
. distances, it is where even more
distances ; o
supoly Chain waste is created.
PP Lack of visibility and integration of ~ “There is no information flow that
Management . . . - Company C
information flows follows the entire cold chain.
Saturation of transportation means S .
. P “The optimization we try to achieve,
(due to constraints related to CO2 . .
. . actually, puts the delivery quality of Company A
emissions); use of open linear to o
. . some products at risk.
improve product presentation
“There is no standard or impartial
actor that is able to establish or
Lack of allocation of responsibilities  define, within the chain, who is the Company C
responsible for cold chain
interruption.”
“When we say "the supply chain
Internal L . N
. Lack of temperature monitoring, characterized by "controlled and
Organizational . . N Company C
i lack of quality control maintained temperature", the term
and Operational .
controlled has exceptions.
Excessive temperature rise (global
warming may make it difficult to . .
. .g y . “The refrigeration system does not
maintain the defined temperature .
. perform at the same way if Company C
throughout the Cold Chain), N o v
. o temperature is 50° rather than 20°.
temperature differences in different
External seasons
Factors “The interruption of the cold chain is
Accidents, Traffic. .. often due to the accidents during the ~ Company A
transportation phase.”
“External factors, such as strikes and
Strikes all those external causes that clearly Company A

cannot be predicted.”
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4.2 Interview |

Before starting the interview with Company A, the main objectives are defined:

Identify the main stages of the cold chain in which Company A takes part, where

temperature controls are carried out, and who are the main actors involved

- Verify the information present in literature regarding cold chain criticalities and

the causes of cold chain interruption, relative to the specific case of Company A

- Understand which are the consequences in terms of generation of food surplus
and waste related to these criticalities

- Deepen the main solutions, from a technological and supply chain management

point of view, applied in case of cold chain disruption

The interview begins by identifying the main steps of the cold chain in which Company
A operates, focusing on a specific type of product, yogurt. After breeding, milk is
collected, and stored at 4 degrees. Once the farmer has performed these activities, the raw
milk is transported, inside tanks, to the production site. During transportation the milk
temperature is not refrigerated but maintained, until it reaches its destination, where it is
unloaded and transferred in larger tanks. Here, the temperature and pH level are checked
before the product is accepted. Raw milk is processed to produce yogurt blends. There
are several production phases, such as fermentation, heat treatment, packaging and
cooling, during which temperature is managed and controlled. After storage of about 36
hours, some chemical and physical parameters are checked and the final products can be
transported to distribution centres where they are stored at 4 degrees, until they are
shipped to retail stores. To better understand the whole chain and its steps, thanks to the
information shared by company A and the document by Bottazzi et al. (2014), a scheme

is developed.
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Figure 8 Yogurt Cold Chain
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From this scheme, some critical points can be identified, especially during transportation,
loading and unloading operations. In these phases, different controls are performed, not
only temperature is checked, but also other parameters: how long the product has been at
a higher than optimal temperature, pH level, product tasting and, in some cases, even the

ferment population can be measured.

The second aspect discussed is the identification of causes leading to cold chain
interruption. According to Company A, the main factors are related to technological
problems, such as lack of preventive maintenance, lack of proper ventilation of
refrigerated cells, the choice of open cabinets in retail stores rather than closed ones,
which can better display products to customers but they cannot maintain the low
temperature better than closed ones, excessive time spent in transportation within the
refrigerated tanks due to accidents or traffic, and some exogenous factors, such as high

temperatures and distances.

In terms of impact on the products, generally, if the product leaves the production site, it
is safe for human consumption but its quality can be affected. During production
activities, such as the fermentation phase, poor temperature management can lead to
microbiological problems that could compromise food safety. Once the product is
packaged, food safety is guaranteed; afterwards if temperature increases along the cold

chain the quality of the product may decrease, in terms of taste and acidity.

Finally, possible destinations for yogurts, after a cold chain interruption, are identified. If
the quality standards required by retailers and consumers are not met, but the food safety
is not compromised, products can be donated to food banks, or they can be used to
produce animal feed, and the last option is biodigester where food can be used to generate

energy.
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Table 8 Coding of the first interview (deductive approach): causes of cold chain inefficiencies leading to
generation of surplus food and food waste

Cause Macro-Category

Cause

Quote

Packaging breakage/damage
(excessive moisture), use of
inappropriate packaging

Air circulation problems -

“In case of too high humidity, this
can ruin packaging, than resulting
as not presentable.”

“Another point of cold chain

. . reakdown i rly workin
Technology ventilation interruption brea d? S8 p(’),o y working,
unventilated cell.
Use of obsolete or non-certified “In cold chain, control and
refrigeration systems, lack of preventive maintenance prevent
preventive maintenance the accident from being created.”
“Traveling at high temperatures,
Different transport stages and the long road and the time
modes (loading, unloading...), long  necessary to complete a
distances transportation can become a
problem.”
. . “It is true that, with closed cabinets
. Saturation of transportation means o
Supply Chain . we maintain the product better,
(due to constraints related to CO2 .
Management less energy is consumed, because

emissions); use of open linear to
improve product presentation

Difficulties related to surplus
donation (limited storage capacity
by NPOs, limited knowledge of
regulations)

we refrigerate the product better
than an open linear.”

“Even wanting to donate the
products, they often don't have the
capacity to absorb the whole
amount.”

Internal Organizational
and Operational

Errors in operations (e.g.
mishandling, door left open ...),
inadequately trained staff, long
stops during transportation

“A tanker that maybe was stopped
because the driver got distracted
for a moment, slowed down too
much, stopped at a truck stop.”

External Factors

Excessive temperature rise (global
warming may make it difficult to
maintain the defined temperature
throughout the Cold Chain),
temperature differences in
different seasons

“Traveling at high temperatures,
the long road and the time
necessary to complete a
transportation can become a
problem.”
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Table 9 Coding of the first interview (deductive approach): impacts on the product of cold chain interruptions, and
possible destinations of the food surplus and waste generated

Topic Category

Quote

Food Safety

Impact on the product

Food Quality

“Poor temperature management
can actually generate
microbiological problems,
especially with fermentation.”

“The microbiological phase that
impacts food safety is managed
at the production site”

“Once the product has been
packaged, it no longer has
microbiological risk, but only a
quality risk affecting product
taste and acidity.”

“Food safety is managed at the
production stage while in the
packaged product it is only
temperature and time that will
affect the quality of the
product.”

Food Bank

Surplus Food and Food waste

Destinations Animal feed

Biodigester

“When the product does not
meet the quality standards but is
still fit for consumption, the
Food Bank can be the right
destination.”

“When it cannot be given to the
Food Bank, the second option is
animal feed.”

“The worst option is sending the
product to the biodigester to turn
it into energy.”

4.3 Interview Il

A second interview is conducted with Company B, one of the world's largest

manufacturers in the field of heat exchange, which operates in several segments, such as

refrigeration, process cooling for industrial applications, and glass doors for refrigerated

counters.

Before starting, the main objectives of the interview are defined:

- Identify criticalities and possible causes of cold chain interruption



- Comprehend the impacts of these cold chain inefficiencies, in terms of surplus

food and waste generation

- Identify the main solutions provided by Company B, from a technological and
supply chain management perspective, that can prevent and manage cold chain

disruptions

During the interview, Company B's lack of visibility into food waste generated due to
malfunctions of its products was mainly discussed. Company B is not directly related to
food waste generation, although its products can really affect the performances of
refrigeration systems. This actor provides components to installers or to Original
Equipment Manufacturers (OEM) used for building larger refrigerated systems, such as
display cabinets in retail stores or refrigerated trucks for transportation activities.
Therefore it is difficult to evaluate what the real impact of the inefficiency of Company
B's components is and when the responsibility for food waste generation is attributable to

this actor.

4.4 Workshop Il

After the two interviews, a second workshop is carried out. As in the first one, several

actors operating in different phases of the cold chain are invited to participate:

Company A
- Company B
- Company C
- Company D
- Company E
- Company F

The first aspect that is discussed is the identification of factors that lead to inefficiencies
and interruptions of the cold chain, especially for participants who did not attend the first
workshop. A major problem highlighted by companies is the use of inadequate and
obsolete facilities, not only within transportation means, where it is not easy to set the

right temperature due to the several products requiring different temperatures inside the
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same truck, but also the loading and unloading platforms, where products are kept before
being located in refrigerated storage systems. It is necessary to distinguish between two
different phases, on one side storage and transportation and then loading and unloading
operations. When the food is being transported or stored, problems may occur mainly due
to inadequate preventive maintenance or lack of sensors that would allow to control the
systems’ performances and to put in place some preventive actions before the problems
occur. Another issue addressed is the use of inadequate packaging that contains a high
number of products, which minimizes the costs of transportation, but on the other hand,
it results in overfilled displays where food does not receive the proper refrigeration. If the
product is not delivered at the right temperature to a company, it is usually rejected
especially in the case of very long cold chain; in this case the product cannot be returned
to the company upstream, due to the Supply Chain complexity, therefore products that
are not accepted are rarely distributed through a secondary sales channel. When, on the
other hand, it is possible to donate the product to food banks, they often lack the proper

knowledge of the rules and regulations, to properly handle perishable foods.

After having analysed the causes, the impacts on the products are also evaluated. As
already explained by Company A in the individual interview, time and temperature
management affect quality, once the product leaves the production site. When food is
delivered to a company, in order ensure food quality, several temperature measurements

are taken, starting from the truck to the product.

Furthermore, the table below is presented to participants, and it highlights, according to
the Food Sustainability Observatory of Politecnico di Milano, the actions performed for
each level of Food Waste Hierarchy for players operating at different levels of the cold

chain, such as products manufacturers and distributors.

Company F, the retailer, specifies that when the packaging is broken, when the products
no longer meet the quality and appearance standards demanded by consumers, these
products are donated to food banks but, in case of cold chain interruption, they prefer not

to donate food for human consumption because of potential food safety issues.
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Table 10 Actions Needed for the different Food Waste Hierarchy Levels

Food Waste Hierarchy Level

Actions for Products

Manufacturers

Actions for Distributor

Reprocessing and repackaging
Sale with promotions and
discounts

Monitoring of parameters
(temperature, humidity...)
Engagement with partners to

increase traceability along the

Preventive maintenance
Monitoring of parameters
(temperature, humidity...)
Sale with promotions and
discounts

Engagement with partners to

increase traceability along the

supply chain supply chain
U Demand forecast optimization Staff training on food waste

Flexible scheduling of

production capacity

Preventive maintenance

Staff training on food waste

Sharing demand data with

distributors

Simplification of product range

Awareness campaigns aimed at

customers

Sales in secondary markets Sale at discounted prices/ad hoc
areas of products that do not
meet aesthetic
requirements/near expiration
date

Marketing and sponsorship Sale on secondary channels

actions (online, proximity market
apps...) of products that do not

Re-use meet aesthetic

Donation to NGOs or food
banks

Internal redistribution

Re-packaging of products with

unusable packaging
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requirements/near expiration
date

Donation to non-profit
organizations or food banks
Micro-donations to company
staff




Discount sales of products that
do not meet aesthetic
requirements or close to sell-by

dates

Transfer to processors for feed
production

Transfer to specialized animal
management facilities (zoos,
kennels...)

Transfer to companies for

compost production

Transfer to processors for feed
production

Transfer to specialized animal
management facilities (zoos,
kennels...)

Transfer to companies for

compost production

Recycle . ;
Transfer to companies for the Transfer to companies for the
production of products outside production of products outside
the food chain the food chain
Transfer to companies for the Transfer to companies for the
production of biomaterials (e.g., production of biomaterials (e.g.,
bio-packaging, bio-building bio-packaging, bio-building
materials) materials)
Contribution to companies for Contribution to companies for
power generation power generation

Recovery

Contribution to companies for

biofuel production

Contribution to companies for

biofuel production

During the discussion of these topics, several possible solutions to cold chain
inefficiencies are also identified. Some technological solutions are proposed, such as the
transition from open to closed display cabinets that would lead to a better refrigeration of
products, resulting in a reduction of food waste generation for quality reasons.
Refrigerated shelves with more sophisticated sensors would allow to better control food
temperature, and also refrigerated cells that could be used in order to properly handle
products during loading and unloading activities, before being placed in the refrigerated
shelves. In this sector, it is essential to have a strong knowledge of how to manage the
different products, but it does not always happen, especially when, in order not to generate
waste, food is donated to food banks which, unfortunately, are not always properly
equipped and qualified. To solve this problem, Company F tried to offer training to these

entities to highlight the mandatory standard rules and legal demands. Finally, Company
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C describes a possible solution: a label that, in the event of a temperature rise, changes

the barcode, records all the temperature changes, securing a proper track of the entire

time-temperature history during the entire transportation phase.

Table 11 Coding of second workshop (deductive approach): causes of cold chain inefficiencies leading to
generation of surplus food and food waste

throughout the Cold Chain),
temperature differences in
different seasons

degrees outside.”

Cause Macro- Citation
Cause Quote o
Category Origin
“Wh finitel
Lack of adequate resources a_t we de |n|te_)_/ -
Technolo (means of transportation experience as a criticality is Company D
9y ) P ' often the inadequacy of the pany
infrastructure, ...) »
platforms.
. “Temperature within the
Transport of different products P . e
o o transportation mean is difficult
with different temperature . ,
. " " to calibrate due to the pallets Company D
ranges, with different "stops S .
. . content, which is often mixed
(continuous door opening...) .
content.
. Saturation of transport.atlon “Product positioning from the
Supply Chain ~ means (due to constraints . . .
. commercial point of view
Management related to CO2 emissions); use o . Company F
. . does not always coincide with
of open linear to improve . ”
. the technical one.
product presentation
Difficulties related to surplus “At the non-profit stage what |
donation (limited storage see as negative feedback is the
. L Company F
capacity by NPOs, limited lack of regulatory knowledge
knowledge of regulations) in terms of hygiene.”
Errors in operations (e.g.
mishandling, door left open .
. g . P "The driver may get to open
...), inadequately trained staff, . Company F
. the doors too early.
long stops during
transportation
Internal . .
. Errors in planning and
Organizational . .
forecasting (Overproduction, “ .
and . X Low product rotation
. Administrative delays, . Company A
Operational . generates more food waste.
Organizational
inefficiencies,...)
Lack of temperature “All the gray phases of
monitoring, lack of quality receiving and loading are Company D
control critical.”
Excessive temperature rise
(global warming may make it
difficult to maintain the “Multiple delivery can be a
External .
factors defined temperature problem when there are 40 Company D
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Table 12 Coding of the second workshop (deductive approach): impacts on the product of cold chain
interruptions, possible destinations of the food surplus and waste generated and some solutions

Topic Category Quote Citation
Origin
Impact on the “Several cold chain interruptions can affect the
r(?duct Food Quality  product quality, depending on time and Company A
P temperature management.”
“We donate products that have broken
packaging, that do not respect the quality
Surplus Food Food bank standards anymore but, since food safety hasto =~ Company F
and Food waste be guaranteed, donated products absolutely must
Destinations not have suffered a cold chain interruption.”
- “We are evaluating biodigesters for disposal of
Biodigester g g . P Company F
product to produce energy.
“Transition from open to closed display cabinets,
which keep the temperature more stabilized, Company E
helped a lot.”
“A shelf with sensors that can detect the weight
. of the product, the amount of product, or the
Solutions to . o . Company E
. time spent by products inside the refrigerated
cold chain . . ,
terrUDtions Technolo shelf, could heavily contribute.
P gy “We also provide industrial cells, to keep
and .
o products in a temperature-controlled Company E
inefficiencies . . N
environment, to avoid inadequate handling.
“A label that attaches to packages whose
barcode changes when the label, once activated,
Company C

is exposed to a temperature higher than the
temperature at which it should be maintained.”

45




5 Discussion of Results

5.1 Causes Framework

The first of the two questions guiding this research is: Which are the main sources of risk
and criticalities leading to inefficiencies of the cold chain and consequently to the
generation of surplus food and food waste?

To try to answer this, a Scientific Literature Review is carried out. The scope of this
research is to identify the root causes that occur along the whole cold chain, from harvest
to retail, excluding the consumers’ behaviour because it is not controllable by companies’
strategies. This analysis results in a theoretical framework that identifies four main macro-
categories of causes: Technological, Supply Chain management related, Internal
organizational and operational, and generated by external factors.

From a technology perspective, Cold chain failures could occur due to malfunctioning
and damage of refrigerated systems and equipment which are essential for product
preservation. In particular, there could be blackouts, packaging could be damaged, air
circulation within pallets may not be sufficient to keep the products at the proper
temperature, refrigerated transport equipment and systems may be outdated or not pre-
emptively maintained, or finally, adequate resources and equipment may not be available.
Some critical issues can be identified in managing a complex, geographically extensive
and disintermediated Supply Chain. In fact, when activities of the same Cold Chain are
carried out in different countries, there may be inconsistencies in standards and practices
between different locations. When the Cold Chain covers long distances or involves
several actors, different transport stages are required, leading to potential problems,
especially during loading and unloading activities. Transportation could also be a weak
phase because it is possible that some refrigerated pallets contain different categories of
food that require different temperature levels. In addition, different companies operating
in the same cold chain do not always share information about their product management
activities, therefore it is difficult to properly assign responsibilities. To reduce their
environmental impact, companies tend to minimize the number of transport vehicles,
resulting in overloaded trucks, or use open display cabinets in order to improve the
presentation of products to end consumers. Finally, in case of food surpluses and waste

are generated, companies face some difficulties in trying to donate such food due to
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limited storage capacity of Non-Profit Organizations (NPOs) or lack of knowledge of
regulations.

Another category of causes is internal organizational factors within the company, such as
errors in operations due to inadequately trained staff, errors in forecasting, or lack of
temperature monitoring during some activities.

External factors can also affect the integrity of the cold chain. Temperature differences
during different seasons and temperature increases due to global warming can be critical
external issues, as much as accidents and traffic during transportation activities.

During the interviews and workshops described in the previous chapter, companies
validated and confirmed some of the root causes included in the theoretical framework.
During the first workshop, one of the participants emphasized the importance of using
equipment produced by certified manufacturers. From the perspective of Supply Chain
management, different European countries have inconsistent standards among themselves
regarding the storage temperature of goods belonging to the same product category.
According to the participants, the Cold Chain is often disrupted when there are extreme
distances to be covered and many actors involved. The lack of an end-to-end role and
responsibilities definition along the entire chain leads to a lack of visibility and
transparency among the different companies, in particular there is no information flow
that follows the entire cold chain. Another confirmed cause is the trade-off between the
optimization of different objectives, such as minimizing CO2 emissions or product
presentation, and product quality. Workshop participants also validated an internal
operational cause, the lack of temperature control during different activities, and some
external factors, such as the increased complexity of keeping products refrigerated when
the external temperature is sensitively higher than the forecasted average, the interruption
of the Cold Chain due to traffic and accidents, and added a new external cause, staff
strikes etc.

Furthermore, during the first interview with Company A, a manufacturer, other causes
are also validated. Among the technological causes, this actor points out potential
equipment failures and damage that, perhaps due to high humidity levels, may make the
product not presentable to customers, leading to food waste. Within the company staff

may not be adequately trained, and drivers may make too long stops during their route.
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Finally, during the second workshop with companies, the new participants validated some
factors already confirmed in the previous meeting by other actors.

The resulting framework is depicted below.

Table 13 Causes Framework

CAUSES OF COLD
MACRO-CAUSE SOURCES QUOTES
CHAIN FAILURE
Jedermann et al.,
2017; Mena et al., TECHNOLOGY:

TECHNOLOGY:
Malfunctioning or
damage of
technological
equipment/systems of
product preservation

Blackout-power failure

Packaging
breakage/damage
(excessive moisture),
use of inappropriate
packaging

Air circulation
problems -ventilation
interruption

Use of obsolete or non-
certified refrigeration
systems, lack of
preventive maintenance

Lack of adequate
resources (means of
transportation,
infrastructure, ...)

2011; Turan and
Ozturkoglu, 2021;
Winkworth-Smith et
al., 2015; Mercier et
al., 2017.

Mena et al., 2011;
Lorenc et al., 2021;
Turan and
Ozturkoglu, 2021

Negi and Anand,
2019; Mercier et al.,
2017

Jedermann et al.,
2017

Kumar et al., 2020;
Negi and Anand,
2019; Mercier et al.,
2018; Liu et al.,
2014; Winkworth-
Smith et al., 2015;
Gustavsson et
al.,2011

Malfunctioning or damage
of technological
equipment/systems of
product preservation

Company A - “In case of
too high humidity, this
can ruin packaging, than
resulting as not
presentable.”

Company A - “Another
point of cold chain
breakdown is a poorly
working, unventilated
cell.”

Company B - “It is
important that the
evaporator is from a
certified manufacturer so
as to guarantee these
parameters.”

Company A - “In cold
chain, control and
preventive maintenance
prevent the accident from
being created.”

Company D - “What we
definitely experience as a
criticality is often the
inadequacy of the
platforms.”

SUPPLY CHAIN
MANAGEMENT:
Critical issues in
managing a
geographically
extensive and/or

Different cold chain
management
practices/standards
(e.g. in terms of
regulations,
procedures, ...),
inconsistency between

Stellingwerf et al.,
2021; Kumar et al.,
2020; Badia-Melis et
al.,2016
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Company A - “In Europe
there are storage
temperatures of the same
product category that are
different from one country
to another.”




disintermediated
supply chain

practices/standards in
different countries

Different transport
stages and modes
(loading, unloading...),
long distances

Lack of visibility and
integration of
information flows

Transport of different
products with different
temperature ranges,
with different "stops"
(continuous door
opening...)

Saturation of
transportation means
(due to constraints
related to CO2
emissions); use of open
linear to improve
product presentation

Lack of allocation of
responsibilities

Negi and Anand,
2019; Jedermann et
al., 2014

Mena et al., 2011.

Winkworth-Smith et
al., 2015

Negi and Anand,
2019; Stellingwerf et
al., 2021; Cong et
al., 2019; Mena et
al., 2011; Lorenc et
al., 2021; Turan and
Ozturkoglu, 2021;
Winkworth-Smith et
al., 2015

Mena et al., 2011;
Winkworth-Smith et
al., 2015
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Company A - “The
concept of breaking the
cold chain often happens
in extreme distances, it is
where even more waste is
created.”

Company A - “Traveling
at high temperatures, the
long road and the time
necessary to complete a
transportation can become
a problem.”

Company C - “There is no
information flow that
follows the entire cold
chain.”

Company D -
“Temperature within the
transportation mean is
difficult to calibrate due to
the pallets’ content, which
is often mixed content.”
Company A - “The
optimization we try to
achieve, actually, puts the
delivery quality of some
products at risk.”

Company A - “Itis true
that, with closed cabinets
we maintain the product
better, less energy is
consumed, because we
refrigerate the product
better than an open
linear.”

Company F - “Product
positioning from the
commercial point of view
does not always coincide
with the technical one.”
Company C - “There isno
standard or impartial actor
that is able to establish or
define, within the chain,
who is the responsible for
cold chain interruption.”




Difficulties related to
surplus donation
(limited storage
capacity by NPOs,
limited knowledge of
regulations)

Kumar et al., 2020;
Winkworth-Smith et
al., 2015; Jedermann
etal., 2014

Company A - “Even
wanting to donate the
products, they often don't
have the capacity to
absorb the whole
amount.”

Company F - “At the non-
profit stage what | see as
negative feedback is the
lack of regulatory
knowledge in terms of
hygiene.”

INTERNAL
ORGANIZATIONAL
AND
OPERATIONAL:
Critical organizational
and internal
operational issues
within the company

Errors in operations
(e.g. mishandling, door
left open ...),
inadequately trained
staff, long stops during
transportation

Errors in planning and
forecasting
(Overproduction,
Administrative delays,
Organizational
inefficiencies,...)

Lack of temperature
monitoring, lack of
quality control

Negi and Anand,
2019; Stellingwerf et
al., 2021; Cong et
al., 2019; Mena et
al., 2011; Lorenc et
al., 2021; Turan and
Ozturkoglu, 2021;
Winkworth-Smith et
al., 2015;
Gustavsson et
al.,2011

Mena et al., 2011;
Winkworth-Smith et
al., 2015

Kumar et al., 2020;
Winkworth-Smith et
al., 2015; Jedermann
et al., 2014;
Gustavsson et
al.,2011

Company A - “A tanker
that maybe was stopped
because the driver got

distracted for a moment,
slowed down too much,
stopped at a truck stop.”

Company F - "The driver
may get to open the doors
too early.”

Company A - “Low
product rotation generates
more food waste.”

Company C - “When we
say "the supply chain
characterized by
"controlled and
maintained temperature",
the term controlled has
exceptions.”

Company D - “All the
gray phases of receiving
and loading are critical.”

EXTERNAL
FACTORS:

Critical issues related
to aspects that cannot
be controlled by the
company/industry

Excessive temperature
rise (global warming
may make it difficult to
maintain the defined
temperature throughout
the Cold Chain),
temperature differences
in different seasons

Negi and Anand,
2019; Mercier et al.,
2018; Stellingwerf et
al., 2021; Turan and
Ozturkoglu,
2021;Vermeulen et
al., 2012
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Company C - “The
refrigeration system does
not perform at the same
way if temperature is 50°
rather than 20°.”

Company A - “Traveling
at high temperatures, the
long road and the time
necessary to complete a
transportation can become
a problem.”

Company D - “Multiple
delivery can be a problem
when there are 40 degrees
outside.”




Company A - “The
interruption of the cold
chain is often due to the
accidents during the
transportation phase.”
Company A - “External
factors, such as strikes
Strikes / and all those external
causes that clearly cannot
be predicted.”

Kumar et al., 2020;

Accidents, Traffic... Mercier et al., 2018

5.2 Product Management after a cold chain failure

The second question the research aims to answer is: What are the circular practices that
can be implemented to valorise food surpluses once generated?

To answer this, as with the first question, an initial framework was presented to the
companies and, during the various interviews, some of the possible destinations and
practices were validated.

The Food Waste Hierarchy is the framework, developed by Papargyropoulou, et al.
(2014), initially described to participants, which seeks to identify all destinations of food
surplus and waste once created, from the optimal to least preferable: Prevention, Re-use,
Recycle, Recovery, and finally Disposal.

In addition, research by Politecnico di Milano’s Food Sustainability Observatory studies
the activities and practices that companies should put in place to direct surplus food to a
certain destination in the Food Waste Hierarchy.

To prevent food waste generation, some possible actions could be reprocessing and
repackaging when the quality of the product is preserved but its presentation is not
optimal due to damaged packaging. Companies could better monitor temperature and
humidity parameters and perform proper preventive maintenance. These actors should
also optimize demand forecasts, make their production capacity more flexible, and share
demand data with distributors. Engagement with partners would enable better product
traceability throughout the Supply Chain, and staff should be properly trained on food
safety.

Re-use for human consumption is the second level of the Food Waste Hierarchy, and is
achievable through sales in secondary markets, internal redistribution through micro-
donations to company staff, and discount sales of products that do not meet aesthetic

requirements or are close to expiration. Obviously, donating food to NPOs and food banks
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IS a practice that belongs at this level of the Food Waste Hierarchy but, as we have already
seen, it is not always possible because of the limitations of the volumes of food that a
food bank can handle and the level of knowledge of the staff working in these types of
companies.

In order to recycle food waste, different actors might be involved. In fact, if both levels
of prevention and reuse cannot be achieved, companies should have to transfer the
products to processors for feed production, to specialized animal management facilities
such as zoos, to compost companies, to companies for production of products outside the
food chain, and to companies for production of biomaterials.

The last level of the Food Waste Hierarchy that allows the value of food waste to be
recovered, at least in part, is Recovery, which can be achieved through the contribution
of companies in the energy generation and biofuel production sectors.

During the interviews and workshops, some of the solutions just described were validated.
Company A, as well as the other participants, validates three different practices that it
applies: the first option it tries to implement is donation to food banks for human
consumption, otherwise the food waste is used for animal feed production, and if these
two solutions cannot be applied, they send the waste to the biodigester to turn it into
energy.

The table below highlights which are the validated practices and destinations for food

surplus and waste.

Table 14 Validated Practices and Destinations for Food Surplus and Food Waste

Destinations proposed
from EWH Examples Quotes
Avoid surplus food
generation throughout /
food production and
Prevention ol AT
Prevent avoidable food « .
; Company A — “Preventive
waste generation . .
maintenance prevent the accident from
throughout the food L
. occurring
supply chain
E Li#:r? sgrr]g:jﬁ f(t)i%?] ffgrr Company A — “When the product does
P not meet the quality standards but is
people affected by food e :
Re-use still fit for consumption, the Food
poverty, UIELEL Bank can be the right destination.”
redistribution networks ’
and food banks
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Recycle food waste into

Company A -“When it cannot be given
to the Food Bank, the second option is

Recycle animal feed animal feed.”
Recycle food waste via /
composting
Company A - “The worst option is
Treat unavoidable food sending the product to the biodigester
R waste and recover to turn it into energy.”
ecovery X . . . .
energy: e.g. via anaerobic Company F - “We are evaluating
digestion biodigesters for disposal of product to
produce energy.”
Company F - “We donate products that
Dispose unavoidable have broken packaging, that do not
food waste into respect the quality standards anymore
Disposal engineered landfill gas but, since food safety has to be

utilization system in
place, only as last option

guaranteed, donated products
absolutely must not have suffered a

cold chain interruption.”

5.3 Discussion of Results

Using the framework, it is possible to identify what causes of cold chain inefficiencies
studied in the literature from a theoretical perspective are also confirmed by companies.
Looking at the framework, almost all factors seem to be validated, but actually, they are
not equally significant. With respect to the theoretical framework, meetings with

companies made it possible to recognize the most relevant factors.
Basically, the four most critical factors are:

- Lack of adequate resources (means of transportation, infrastructure, ...)

- Lack of allocation of responsibilities

- Lack of temperature monitoring, lack of quality control

- Saturation of transportation means (due to constraints related to CO2 emissions);

use of open linear to improve product presentation

It is important to identify where these causes, especially the first three, are most likely to
occur along the cold chain. Discussing with companies, one of the most sensitive stages
is loading and unloading activities. In addition, looking at the framework, one of the few
unvalidated causes is Blackout-power failure, which means that a problem with
refrigeration systems during transport or storage is quite rare. Instead, there are several
grey areas before and after these activities, where products are loaded and unloaded,

therefore where problems could arise. From a technological perspective, these steps are
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often performed with inadequate resources and equipment, resulting in poor temperature
management. These areas are also critical from a Supply Chain perspective because they
represent the point at which ownership of goods and related responsibilities are

transferred from one actor to another.

In the case where a food item is not accepted by an actor because it does not meet the
required standards, these factors seem to be even more critical. Because without proper
equipment, temperature control, and clear definition of responsibilities, food is more

likely to be wasted due to short shelf-life remained.

The last cause, which has been strongly confirmed by several actors, is an important trade-
off between optimizing product quality and other different goals. Two main trade-offs
can be identified. From a commercial and marketing point of view, the location and high
volume of products presented to customers on store shelves to increase their attractiveness
could result in products not receiving the necessary refrigeration. From a logistical point
of view, companies wishing to minimize their environmental impact might decide to
reduce the number of trucks used, resulting in overloaded transport vehicles in which food

might be exposed to a higher than optimal temperature.
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6 Conclusions and Further Research

In this thesis, the analysis of the Literature Review together with the findings from
interviews and workshops carried out companies that operates in the Cold Chain field
resulted in the definition of the Causes Framework, which is able to identify the different
kinds of factors that could cause inefficiencies and disruptions along the Cold Chain. On
top of that, this research also analysed how the lack of the proper temperature
management can affect the product quality and safety. Lastly, the thesis studied which

are the possible destinations for perishable products in case of Cold Chain interruptions.

This thesis has important implications both from a managerial and scientific points of

view.

From a managerial perspective, this research can help companies in identifying the most
critical aspects and steps along the Cold Chain, therefore, where to focus more in order
to avoid the generation of food surplus and waste. This thesis could also support decision
makers in deciding how to manage perishable food when it is not proper handled at the

right temperature, to identify which are the best destinations for those products.

Scientifically speaking, this thesis can be a starting point for the analysis and
identification of potential solutions to the main critical issues at different stages of the
Cold Chain. These solutions should aim to minimize food waste generated along the
entire cold chain. Some of these solutions can be identified in the literature and might be
divided in different macro-categories, such as Technological and Supply Chain

Management.

Technological solutions mainly seek to ensure the integrity of the cold chain. RFID
technology, thanks to sensors, makes it possible to measure and monitor the storage
conditions of food products. With RFID, parameters can be measured, and products can
be tracked throughout the chain (Jedermann et al., 2014; Nakandala et al., 2016; Kwanho
et al., 2016, Jedermann et al., 2017).

Blockchain traceability solutions aim to bring transparency in supply chains between
actors, from farmer to customer. This technology enables the prevention of food safety
by tracking and tracing the source of potential incidents that may occur, increasing the

resilience of the cold chain (Sunny et al., 2020). A digital food supply chain powered by
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blockchain enables full transparency of the food ecosystem, allowing retailers to provide

fresher products to their consumers, resulting in reduced food waste ’.

During the last workshop, Company C presented its technology solution: a smart label
that allows recording all temperature changes along the entire cold chain. Thanks to this
tool, it is possible to monitor and identify the points where the temperature has risen above

the optimal one.

Moreover, technology solutions can help in evaluating different scenarios and support
decision makers. Diaz et al. (2022) describe a toolbox that supports the ICCEE project,
which aims to reduce energy consumption along food cold chains. The energy embedded
in all consumed food accounts for about 25 percent of total energy consumption in the
EU, and energy costs strongly affect total production costs. For instance, in
manufacturing dairy products, energy costs represent 11 percent of the production value
added, while in the production of prepared feeds they are about 16 percent®. To support
decision making and to help the supply chain companies in estimating the potential
savings through increased energy efficiency, a toolbox is introduced. The toolbox consists
of 7 tools to assess and benchmark the energy consumption of the cold chain, its
environmental impact, the economic benefit due to energy efficiency measures, and other

factors relevant for decision making®.

From the perspective of Supply chain management, several solutions can be identified. A
high degree of transparency between different companies and continuous measurement
of temperature and other factors would enable proper Shelf-Life management, therefore
a correct evaluation of the actual product quality. In addition, knowing the remaining life
of products enables companies to use a new approach for inventory management: First-
Expires-First-Out (FEFO), which means disposing goods in stock according to their shelf
life. It is a management method suitable for everything that is subject to perishability.
Thanks to this approach, it is possible in each hub to divert cargo and products to closer
destinations in case of temperature rise, and thus shelf-life reduction, instead of exporting

products that would arrive at their destination with unacceptable quality.

7 https://www.ibm.com/blockchain/resources/7-benefits-ibm-food-trust/#food-freshness
8 https://iccee.eu/description-and-objectives/
° https://iccee.eu/the-iccee-tool-2/
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Sometimes all the efforts are not enough, and food surpluses are generated. Some
solutions aim to find new destinations for human consumption for products that are not
sold. Too Good To Go is a platform that connects companies and people. Bakeries,
supermarkets, and bars that do not want to waste food can sell people magic boxes with
unsold products at lower prices, thus preventing food from being disposed and wasted.
Since its launch, Too Good To Go was able to save 9 million magic boxes, thanks to a

network of 22.962 companies and 6,6 million consumers®,

In Milan a number of neighbourhood Hubs have been installed, physical locations
designed to recover surplus food and distribute it to organizations that support families in
need. In this way, on one hand the Hubs help people in need, and on the other they
rationalize the Supply Chain and avoid food and resource waste. From 2017 to 2021, the
implementation of the first Hub saved more than 10 tons of food per month, guaranteeing
a flow of 260.000 equivalent meals in one year, which reached 3.800 people, thanks to

the contribution of 20 supermarkets, 4 company canteens and 24 third sector entities™.

These are just a few of the many solutions to the problem of food waste along the cold
chain. A structured analysis could be of interest to get the full picture in order to support

companies in managing Cold Chain disruptions.

10 https://toogoodtogo.it/it/
1 https://www.secondowelfare.it/poverta-alimentare/gli-hub-di-quartiere-di-milano-che-hanno-vinto-

learthshot-prize/
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