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Abstract: This paper presents a real application of a lean–green improvement initiative conducted
at a large Portuguese hypermarket store. It explores how lean tools and techniques may be used
to not only improve the operational performance, but also sustainability. A case study was carried
out in one store of a multinational retail enterprise, with the aim of enhancing both the operational
and sustainability performance in the cold meat section, one of the most relevant areas of the fresh
food markets. The Gemba Kaizen event approach, which comprises three main stages, was adopted.
During the workshop stage, the structured problem-solving methodology was followed, and was
recorded in an A3 format. As a consequence of this project, food waste in the cold meat market was
reduced by half, whereas the out-of-stock index decreased by a third. In addition, the pilot store hit
top performance within all stores of the company in Portugal, ranking first in all key indicators for
the cold meat market. The lean–green scope and performance improvement procedures developed
and implemented in the pilot store were later deployed to other stores of the company. This is one
of the first publications regarding the application of lean management in the food retail sector for
improving both the operational and sustainability performance.
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1. Introduction

Food retailers offer a wide range of fresh products, including fruits and vegetables,
meat, fish, baked goods, or cold meats and cheese, among others. Fresh categories typ-
ically account for up to 40 percent of grocery chains’ revenues and, in addition to this,
they are also strong drivers of store traffic and customer loyalty [1]. However, they also
represent a major risk, derived from lost sales, food waste, and the resulting perception of
unsustainable operations.

Retail companies continuously face stiff competition, a reduction in sales margins,
and increasingly demanding customers [2]. At the same time, regarding sustainability, the
impact of fresh food waste is immense. Retailers, governments, and associations worldwide
have taken different approaches to curb the problem. Price reductions or offerings of fresh
produce, legislation preventing the dumping of food perishables, and the development of
new business models are some the solutions that have risen in the face of this problem [3–5].
Several examples can be provided. Food producers and retailers have redesigned labels and
packaging in an effort to prevent loss and to avoid food waste [6,7]. Countries forbade food
retailers from dumping fresh food products [8]. Associations, communities, and start-ups
around the world are coming up with new solutions to reduce food waste [3,9].

Accordingly, the performance of fresh food departments and the reduction in waste
are two major objectives of food retailers and markets in the present day [10]. It has been
argued that the performance of these markets can be improved by improving freshness,
increasing sales, or reducing “shrinkage” [11]. In a fresh food market, the shrinkage rate
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is able to measures the proportion of food wasted due to spoilage, mishandling, a loss of
quality, and the expiration date, thus also leading to the loss of potential sales of a store.
From a sustainability point of view, the term “shrinkage” is key, as it does not demand
further incentives to consumption or require faster transportation and/or further energy
usage. Furthermore, from an operational point of view, the focus on shrinkage has a
benefit. Being seen as “waste”, its reduction is easily framed within traditional operational
improvement initiatives already used in the industry, such as lean operations. In fact,
shrinkage has been loosely applied to encapsulate some of the areas that generate loss [12].

The benefits of matching lean and sustainability—or “green”—improvement initia-
tives may be explored from multiple perspectives. There have been some approaches
joining the operational and sustainability perspectives in the retail sector, but the research
trend is still emerging [13]. Examples include the improved use of technology [14], the
inclusion of shrinkage as a variable for optimization [15], or the promotion of sustainability-
oriented management [16,17]. However, clear descriptions of the methods used to join the
sustainability and operational performance improvement in the retail sector—especially
those based on real cases—are still scarce.

In this work, we focus on “shrinkage” as an indicator of sustainability, once it is
applied in a fresh food market with the intention to measure and reduce food waste. By
being traditionally recognized within the lean practices of the industry (usually to gauge
lost sales), we expect that it will more easily be accepted by both leaders and the workforce.
By using a familiar lean indicator to tackle sustainability issues, we hope to align the
pursuit of the “green” perspective with that of the operational performance, reducing
misconceptions and resistance to sustainability initiatives.

In light of this reality, this paper aims to understand if and how lean tools and methods
may be used to efficiently tackle sustainability issues related to food waste, in the same
way that they provided an effective approach to tackle operational and process waste in the
retail sector. It presents a real lean–green project conducted at a Portuguese food retail store
that aimed to reduce food shrinkage and the resulting waste in one of the most important
fresh products markets: the cold meat section. In this paper, we focus on shrinkage events
that can lead to food waste, thus not including events of theft, nor accounting errors. As a
result, it was observed that these methods were tackling shrinkage in order to improve the
sustainability and operational performance indicators in the fresh food market. While it
aimed primarily to reduce food waste, it also intended to decrease the number of out-of-
stocks (OOS) in the same market—an objective that was initially perceived as a possible
trade-off, but was later seamlessly integrated within the first one.

The methodology used in this work was based on the use of traditional lean tools and
methods. Three stages comprising the Gemba Kaizen event approach were adopted by the
team to perform the improvement initiative. An A3 problem-solving report provided the
structured roadmap to record and display all steps of the improvement cycle. As a result,
shrinkage was reduced, and although some variability has been observed, the weekly
average has been cut to almost half (from 4.4% to 2.4%). At the same time, OOS events
were also consistently reduced.

This work provides important insights for retail managers in pursuit of a balance
between sustainability and operational strategies. It shows how the use of process and
operations improvement methods, especially in the scope of a lean management program,
can deliver effective solutions to reduce food waste while still providing operational
improvements. The article is organized around five sections. After a careful and extensive
literature review about the retail industry, related sustainability issues, and the adoption
of lean practices in the sector, the case is presented and described, and is followed by the
discussion of the results and a summary of the conclusions. Finally, the limitations of the
research are identified and suggestions for future research are proposed.
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2. Literature Review
2.1. Retail Store Operations: Research Summary and Opportunities

The retail sector comprises an important portion of the economy [18]. A report issued
by the European Physical Society [19] concludes that retail made a net contribution of
around 4.5% to the European Union GDP, while the Price Waterhouse Coopers [20] reports
that, in the United States, the direct impact of retail in the national total GDP is 7.7%. It
is thus natural that the interest on the part of the academic community in this sector has
increased over the years [21], as evidenced by the substantial increment of the number of
papers published [22], especially from 2015 [23].

Research on retail management encompasses many topics [24], including, among
others, shelve replenishment, inventory management, food waste management, product
promotions, product positioning, pricing, or online commerce. Given the wide variety
of themes, Caro et al. [25] propose a classification of the topics representing the central
challenges in retail management, considering eight categories: (1) Inventory, (2) Pricing,
(3) Assortment, (4) Incentives, (5) Online retail, (6) Industry Studies, (7) Returns, and
(8) Other topics.

Similarly, Mou et al. [18] provide a complete review of the current state of research
on retail store operations using a classification of six research items/themes and seven
operational decisions. In their literature review, the authors classified a total of 255 journal
articles, published from 2008 to 2016. The authors concluded that more than two thirds of all
papers fall in the “Inventory Management Decision” category, and, within this category, that
more than 95% focus on the themes of “Uncertainty”, “Perishability”, and “Availability”.

A review of these themes quickly and clearly establishes their importance for retail op-
erations management. The theme of “Uncertainty” comprises three perspectives: purchase
quantity, purchase timing, and purchase preferences of customers. According to Bouza-
abia et al. [26], the in-store operations performance significantly contributes to reducing
the impact of uncertainty in customer-perceived indicators. Reducing uncertainty thus
positively impacts both perishability and availability. Several studies have been made on
how to manage uncertainty. Among other relevant findings, it is curious to note that high
inventory levels make in-store logistics more prone to execution errors, causing a higher
risk for product shrinkage [27] and shelf stockouts [28].

In fresh products categories, “Perishability” is the biggest concern of food retailers, not
only because it negatively affects the customer perception of quality, but also because of the
monetary loss it creates [15]. Perishable products account for over 40% of sales in grocery
chains [1], and, with factors such as a limited lifetime, high safety and quality requirements,
and short lead time, they are requirements that are highly complex to manage [29].

Finally, “Availability” is key among all customer-perceived indicators of customer
service in retailing, including in the online channels [30]. Product availability, or on-
shelf availability (OSA), is defined as the probability of having a product in stock when
a customer order arrives [31]. The higher the stock level on the shelves, the lower the
likelihood of an out-of-stock (OOS) situation; nevertheless, this would lead to an increase
in the capital holding costs, as well as the risk for product shrinkage [27]. According to
Aastrup and Kotzab [32], both retailers and producers suffer significant losses due to poor
OSA. They identify two main research streams in the area of OOS: demands issues and
supply issues. Both are described below:

• Demand side issues, including the study of consumer responses to stockouts [33–38].
These issues have been proven to affect store the image and brand loyalty [34]; and
it has been concluded that more than 15% of customers usually decide to quit their
purchase and go elsewhere to purchase a stockout product [39];

• Supply side issues, including the analyses of root-causes that explain the occurrence of OOS
situations, as well as of countermeasures to improve the performance [35,40–45]. Reasons
that contribute to OOS events include situations of a poor in-store operations perfor-
mance [35], poor backroom inventory handling procedures [42], misplaced SKUs [43],
late delivery by a supplier [44], large product variety [28], and promotional events
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that lead to more uncertainty on demand [45]; some authors also claim that higher
levels of the inventory make in-store logistics more prone to execution errors [28,39].

Given the current business environment, it is no surprise that “Uncertainty”, “Per-
ishability”, and “Availability” rank as the top themes in the literature on retail operations
management. However, and looking at the research published until 2016, the low frequency
of the topic of “Sustainability” stands out. It is true that the topic has grown considerably
in the past few years, with themes as wide as in-store operations and food waste [24,46], re-
verse logistics [47], or marketing and communication [48,49]. Recently, de Moraes et al. [46]
conducted a systematic review to map the causes of food waste to practices adopted by
retailers to reduce the magnitude of that phenomenon, whereas Huang et al. [50] developed
a systematic literature review to understand how food retailers from 27 different countries
deal with food waste both internally and externally. However, the topic still offers large
room for exploration.

While there are some older works on the strategies and effect of the move towards
green retailing [51,52], the recent nature of the interest in this research topic is patent in
the numerous works focused on understanding and reporting on the causes and reduction
practices of sustainability problems [16,46,53,54].

Some of the greatest operational challenges faced by retailers are related to the need to
ensure adequate on-shelf availability, suitable inventory levels, and acceptable amounts
of product shrinkage. These goals are actually interdependent among each other [27] and
strongly depend on how effective the processes of a store are designed and executed. For
these reasons, many retailers have been attempting to adopt operational excellence pro-
grams based on lean principles, methods, and tools to improve performance, productivity,
and customer satisfaction [55–57]. While the origins of lean management are traced to the
Toyota production system (TPS) [58], over time, it has seen several transformations [59] and
applications [60], establishing it as a wide-ranging management system [61] that can be
effectively adopted to eliminate wastes in any organization or industry [62–65]. Examples
in the retail industry include how lean principles and concepts are successfully applied
in 7-Elevens in Japan [66]. The promotion of a mindset at Tesco’s supply chain and store
operational flows [67,68], and the building of a lean continuous improvement (Kaizen)
culture, was built at Amazon [69]. Regarding this topic, it is to highlight the research
conducted by Domingo [70], who classifies OOS on shelves, in the context of lean, as waste
in retailing.

In recent years, the concept of lean retail has been popularized—gaining naming
variations that include “lean logistics”, “lean distribution”, and “lean consumption” [55,70].
Sowards [71] describe how lean can be applied to improve the productivity of a shop,
attending to the continuous identification and elimination of the seven types of waste.
Evans and Lindsay [72] report a Kaizen event conducted at the retail services of Magnivision
to investigate problems that continuously plagued employees. Jaca et al. [73] described
how a distribution center enhanced its productivity by removing inefficiencies at the
warehouse. Noda [56] explained the sustained adoption of standardized work and process
improvement practices based on lean principles by a mid-size Japanese retailer that sold
foods, consumables, apparel, and general merchandise goods.

2.2. Retail Food Waste, Lean and Sustainability

Within the fresh products markets, perishability is a critical issue. As reported by
Kor et al. [74], approximately 45% of all fruits and vegetables, 35% of fish and seafood,
30% of cereals, and 20% of meat and dairy products are wasted by suppliers, retailers, and
consumers every year. In the retail management disciplines, the issue of retail food waste
has been related to the “rate of shrinkage”, a performance indicator that represents the gap
between inventories and sales and is commonly used as an indicator of the performance of
retail stores [1,75].

The management of perishable products is not only exposed to the stigma of food
waste, but demands a high cost in its prevention [11]. Given their limited life span,
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the freshness of perishable items is quickly lost with time. Every perishable item has a
certain date before which it needs to be sold to the consumer. As a result, the handling and
transportation of these products is subject to several requirements, strict norms, and sanitary
regulations. On the sustainability side, their fast perishability—which affects storage
conditions, transportation, order frequency and times, temperature control, packaging, and
origin and traceability [76]—originates additional constraints and requirements. Grocery
retailers are thus facing increasing pressure to tackle sustainability issues, promoting the
transparency of their food supply chains and reducing food waste across them [77]. To
Srivastava et al. [76], the fresh food retail industry is particularly vulnerable to supply
chain risks.

In direct pursuit of a sustainability performance, or due to compliance, reputational
gains, or as an opportunity to enhance business efficiency, retail companies are increasingly
aware of the need to take actions to reduce product loss [11], including situations of food
waste. Research in this scope has been conducted in various countries—where movements
against food waste are emerging, asking the food chain actors, including retailers, for
specific interventions to face this issue [78–81]. However, research on the effects of lean
programs on sustainability metrics has been limited [82,83].

The prevailing literature describes lean as an approach that has a main objective of
systematically identifying and eliminating waste in the organizational processes [84]. In
fact, the entire lean toolbox is focused on the elimination of waste, purging all actions where
there is no addition of value [85–87]. Food production takes a considerable part of the
research on the relationship [88–90]. Another significant part of the studies on the balance
between lean and green is focused on the supply chain, often influenced by approaches and
perspectives previously used in the manufacturing sector [88,91,92]. Nevertheless, there is
limited research on how to balance lean and green in in-store operations [93,94], and thus a
gap is especially evident in the collection of empirical evidence. In this scope, we advance
a case study showing the results that may be achieved by using lean methods and tools in
pursuit of both the operational and sustainability performance.

Given that operational improvement efforts in the retail sector have frequently been
addressed by the use of lean management, an opportunity presents itself to understand
if and how lean may be used to tackle issues that pertain to both the operational and
sustainability performance—and, as desired by this article, to explore the results that may
be achieved in both dimensions when lean methods are applied to fresh products’ markets.

Food waste is firstly and foremost a sustainability issue, since it generates significant
economic, social, and environmental impacts [78], as is pointed out by the 2030 United
Nations Agenda [46]. Nevertheless, the research conducted by Teller et al. [24] shows
that the root-causes for the occurrence of food waste in the retail sector depend deeply
on operational issues, such as the store format and product category, but also customer
behaviors, demand variability, a poor efficiency within in-store operations, replenishment
procedures, and high-demanding requirements for the quality of the products from both
retail organizations and customers.

In the specific problem of food waste, the very basic principles of lean management
provide a clear alignment with the challenges faced by fresh products’ retailers. Retailers
need to strike a balance between maximizing product availability on the shelves while
minimizing the wastage of perishable products [35]. Factors such as a limited lifetime,
high safety, and quality requirements, together with short lead time requirements, make
them highly complex to manage [26]. In the fresh food categories, product deterioration is
the biggest concern of food retailers, not only because it negatively affects the customer
perception of quality, but also because of the monetary loss it creates [16].

The relationship between lean and green is thus balanced between benefits and mis-
alignments. Sanchez-Rodrigues and Kumar [82] show, for example, that the implementation
of a lean program in a particular company has been especially beneficial in food supply
chains in terms of achieving a significant food waste reduction. However, the authors also
highlight some misalignments, including superior vehicle usage, increased emissions, and
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swollen costs due to fleet renewal towards electric vehicles, caused by JIT deliveries and
tensions between time and stock and multiple deliveries within the same time window.
Looking at the efforts used to reduce food waste, we found that metrics such as OOS are
often used and may provide both operational and suitability gains. However, they may also
present trade-offs—and isolating one single metric will offer just one piece in a broader pic-
ture [27]. In this sense, the adaptation of the “shrinkage” metric to include only situations of
food waste due to poor handling, storage and display, exceeded expiration date, or similar
factors offers a better opportunity to jointly tackle operational and sustainability issues.

3. Case Study

The case study focuses on one store of a multinational corporation in the retail sector
located nearby Lisbon, in Portugal. With more than 70 stores in the country, the corporation
employs around 9000 people. The hypermarket store is a medium-large format type with
an area of around 7000 square meters. In 2019, the company was developing a strategic
pilot initiative with the aim of implementing a lean green daily management program. This
program aimed to improve operational key performance indicators, and, in parallel, to
increase sustainability metrics. Due to their importance for the overall sustainability results,
the improvement efforts targeted the markets under the fresh products department. The
metrics studied in this particular study were the “shrinkage rate”—directly responsible
for both food and operational waste—and, as a complementary metric, due to its strong
correlation, the “out-of-stocks index”.

3.1. Problem Statement

At the start of this study, the company faced poor performances in the shrinkage
metrics, as well as in the product availability indicators. The term “shrinkage”, in this
context, is applied with a different perspective, going beyond its traditional scope of a
measure of lost sales. In this work, it includes situations of food waste due to poor handling,
storage and display, exceeded expiration date, and similar factors. Given our focus on
sustainability, it does not include events of theft, nor accounting errors, which are otherwise
normally considered in this metric.

The problems addressed by this study were not exclusively felt in the pilot store; they
were also transversal to the majority of the corporation’s stores. The shrinkage problem is
particularly severe in most of the fresh product’s markets.

3.2. Methodology

Given our interest in exploring the ability of lean tools and methods to improve
both operational and sustainability metrics, a typically lean approach was followed. The
methodology followed is outlined in Figure 1. It is coherent with the Gemba Kaizen event
multi-stage approach described by Martin and Osterling [95] and Hamel [96]. The activities
that took place during the Kaizen event execution followed the six-step structured-problem
solving method provided by the A3 framework.

The event herein described was conducted in the cold meat market, which includes
both the counter and as a self-service area. The whole project took approximately four
and a half months to be completed. The specific steps involved in each of the three phases,
depicted in Figure 1, as well as their duration, are detailed below:

1. Kaizen Event Planning (duration: 2 weeks):

a. Definition of the event scope;
b. Selection of team members;
c. Gathering of relevant data;
d. Planning of the workshop;

2. Kaizen Event Execution (duration: two-day workshop):

a. Ground rules, agenda and methodology;
b. Definition of the problem (step 1 of A3 Problem Solving);
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c. Characterization of the problem and determination of the baseline performance,
or current condition (step 2 of A3 Problem Solving);

d. Goal statement, or desired future state (step 3 of A3 Problem Solving);
e. Root-causes analysis (step 4 of A3 Problem Solving);
f. Definition and implementation of an action plan (step 5 of A3 Problem Solving);
g. Definition of a control plan (step 6 of A3 Problem Solving);

3. Kaizen Event Follow-up—stabilization (duration: 4 months):

a. Monitoring of the actions’ effectiveness;
b. Standardization, training and process stability.
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3.3. Kaizen Event Planning

Data from the first quarter of 2019 revealed that the overall product shrinkage in the
store that served as a pilot was higher compared with the same period of the previous year.
In addition to this, a negative trend asserted itself over several months in the food waste
indicators. It was thus considered important to conduct a set of Kaizen events in order to
decrease the store shrinkage rate, a metric that relates the total monetary value lost due to
food waste factors with the overall store sales.

The shrinkage rate usually correlates with the out-of-stocks (OOS) index. In facts,
stockouts tend to increase when products that would be available for sale have to be
removed from the shelves due to inadequate conditions. For this reason, the project was
also a good opportunity to increase the product availability, so the team decided that it was
important to consider the OOS index too.

As part of the preparation for the workshop stage, the facilitator of the event, together
with staff from the store, gathered quantitative and qualitative (through direct observations)
data, not only to be able to estimate baseline performances, but also to support a careful
diagnosis of the current situation of the processes involved in the shrinkage creation, as
well as to help the team with factual evidences during the root-cause analysis.

The project directly involved the director of the store, who acted as a sponsor; a
member of the lean management team of the company, who provided the expertise in the
principles, methods, and tools; the manager of the cold meat market, who participated as
process owner in the project; and all of the four employees from the permanent operational
staff belonging to that market. The store operators of the market and their manager were
invited to participate in the workshop, whose duration was scheduled to last two days. An
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experienced member from the internal lean team was selected to facilitate the workshop.
The agenda, objectives, and outcomes for the event—both in terms of the sustainability and
operational performance—were defined and communicated to participants and interested
parties along with other relevant resources; in particular, the material needed to conduct
the workshop and other logistics matters.

3.4. Kaizen Event Execution

The methodology followed in the workshop was completely aligned with the struc-
tured problem-solving mindset. The A3 report, exhibited in Figures 2 and 3, summarizes
the steps followed by the team during the two-day event. The detail of each sequence of
steps are presented in the following subsections.
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Other 14,21%

Loss value [€]

Loss of quality 610

Loss of validity 5

Meat shavings 2210

Other 5

Loss of quality 859

Loss of validity 1,5

Meat shavings 2137

Other 245

Balcony

Jan - Mar 2018

Jan - Mar 2019

Store Counter

Category % contribution

Ham 62,61%

Dry ham 15,05%

Industrial meat 9,70%

Bacon 5,49%

Paio 7,14%

Loss value [€]

Loss of quality 577

Loss of validity 2946

Other 5

Loss of quality 392

Loss of validity 3396

Other 11

Self-service

Jan - Mar 2018

Jan - Mar 2019

Self-service

Store counter

Shrinkage rate 2019 YTD = 6.10%

Stockout index 2019 YTD = 3.26%

Self-service

Shrinkage rate 2019 YTD = 4.71%

Stockout index 2019 YTD = 4.03%

Baseline performance

Reasons

for 

shrinkage

in %

% 

contribution

for the

shrinkage

per product

category

Objective = 2.50%

Objective = 2.30%

Objective = 2.50%

• Performance deteriorated from 2018 to 2019 in both “Counter” and “Self-service”.

• Ham is the category of products that contributes more to shrinkage.

• Loss of expiry date (validity) is the main reason for shrinkage in the self-service area.

• Too much meat shavings is the main reason for the shrinkage in the counter.

Shrinkage rate:

• Counter: 4,00% from June to December 2019

• Self-service: 2,00% from June to December 2019

Stockout index:

• Counter: 2,00% from June to December 2019

• Self-service: 2,00% from June to December 2019

Objective = 4.50%

21.5%20.5%

21.5%

21.5%

1.0%

78.1%

21.5%

21.5%

0.4%

26.5%

21.5%

21.5%

21.5%

0.1%

65.9%

21.5%

7.5%

% contribution

21.5%

% contribution

16.4%

21.5%83.5%

21.5%

21.5%

0.1%

21.5%

10.3%

21.5%

89.4%

0.3%

Figure 2. A3 problem-solving for day 1 of the Kaizen workshop.
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Expiry date 

overdue
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Inventory

models not

often used

Order sizes for 

promotions too 

large

Expiry dates 

not monitored

systematically

Two units of the

product opened

at the same time

Lack of visual 

control in the

counter

Loss of

quality
Some products

sell too little

when opened

Product

offering not

adequated

High

shrikage

rate

In self-

service

Excess of

inventory

WHY? WHY?

ROOT CAUSE COUNTERMEASURE DESCRIPTION DUE DATE ACCOUNTABILITY

Cutting process not performed

correctly

• Describe the correct cutting procedure in a visual standard

• Train operators of the counter in the cutting procedure

• Specify 100g as the minimum weight for the leftover ham

End of May 2019 Market Manager

Lack of visual control in the counter

C
O

U
N

T
E

R

• Standardization of the cold meat case and implementation

of visual control
End of May 2019 Market Manager

Product offering not adequated • Do not offer the least sold items in the counter, offer them

in self-service

• Adjust the order size in the self-service to consider the

expected demand from customers

End of May 2019 Market Manager

S
E

L
F

-S
E

R
V

IC
E

Inventory models not often used • Train the the Market Manager in the usage of the inventory

models

7th June 2019 Operational 

Effectiveness Manager

Order sizes for promotions too large • Forecast demand before ordering a certain quantity of a

product that will be in promotion

End of May 2019 Market Manager

Process to control expiration dates

not performed

• Perform daily work planning and allocate one person to

perform this process

End of May 2019 Market Manager

TASK FREQUENCY ACCOUNTABILITY

Monitor the laftover ham weight

KPI

Daily Supervisor Leftover ham weight

GOAL

≤ 100 g/unit

Monitor the shrinkage rate in the counter Daily Market manager Shrinkage rate ≤ 4%

Monitor the shrinkage rate in self-service Daily Market manager Shrinkage rate ≤ 2%

Monitor the stockout index in the counter Daily Market manager Stockout index ≤ 2%

Monitor the stockout index in self-service Daily Market manager Stockout index ≤ 2%

Confirm implementation of countermeasures Weekly Director of Store % implementation 100%

Figure 3. A3 problem-solving for day 2 of the Kaizen workshop.

3.4.1. Definition of the Problem

Collected data allowed for the store to understand that the highest levels of product
shrinkage were in its fresh products markets, particularly in two areas: fruits and vegetables
(F&V) and cold meat. The F&V market performed satisfactorily, since the shrinkage results
were better than both the objective and in comparison with the previous year. On the
contrary, the store performed poorly regarding this food waste indicator in the cold meat
market, with a shrinkage rate far from the stated objective, as well as from the previous
year’s performance. These facts were recorded in advance in the “Background” field of the
A3 report (Figure 2). The scope was therefore defined: decrease the shrinkage rate in the
cold meat market.

3.4.2. Characterization of the Problem and Estimation of the Baseline Performance

Despite the shrinkage rate being the main indicator to be impacted by this event, it was
also considered important by the team to follow the evolution of the stockouts index, which
measures the percentage of non-available products on the shelves, because these indicators
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are usually correlated with each other. The baseline for these KPIs was determined, and,
for both metrics, the team realized a large gap between the results and objectives.

As one can observe in Figure 2, the cold meat market comprises two areas:

1. Counter;
2. Self-service.

Data from 2019 led to the conclusion that the end of the expiration date was identified
as having by far the largest impact on the shrinkage value reported in the self-service area.
The same conclusion could be drawn based on the data values of the same period of the
previous year. Furthermore, “ham” was the product category that contributed the most for
the overall shrinkage in both areas: self-service and counter.

In the counter, the excess of meat shavings was identified as having the most impact on
both the food waste and monetary loss. Meat shavings correspond to resold trimmings that
result from slicing the ham, including the remaining piece after cutting. They contribute
to the reduction in the overall food waste; however, the fact that the product is sold as
shavings and not as ham implies an economic loss for the store. A loss of quality is also
a relevant reason for waste in the counter: because some products do not have sufficient
demand, they are likely to overpass the required due time once opened.

3.4.3. Setting of Improvement Goals

The third step was the setting of SMART (specific, measurable, achievable, relevant
to business, time-bounded) goals for both KPIs. The goals, included in the third room
of the A3 exhibited in Figure 2, were aligned with the annual objectives established and
communicated by the enterprise to employees.

3.4.4. Root-Causes Analysis

A root-cause analysis exercise was performed during the workshop to determine the
underlying reasons for the shrinkage occurrence in both the counter and the self-service
area. By consecutively asking “why”, it was possible to construct a branched tree diagram
of causes (Figure 3). Each possible deployed sub-cause was only validated and then only
recorded if evidence (e.g., through “go and observe” walks) and factual data proved their
relevance. The conjoint exercise in the workshop regarding the determination of potential
root causes and their prioritization benefited from the work carried out during the Kaizen
event planning stage, where quantitative and qualitative data were gathered in advance
and a preliminary diagnosis could be performed.

In the counter, it was possible to gather evidence that could confirm the following
root causes:

• The cutting process is not performed correctly, which tends to generate an excess of
cold meat shavings. It was possible to verify that the way the ham cutting process
was usually performed did not follow the best practices, thus producing an excess
of trimmings;

• A lack of existing visual controls in the counter do not prevent the two pieces of the
same product reference from being inadvertently opened;

• The range of products offered in the counter is not adequate. It was found that there
is around a dozen products whose level of demand is quite low. The risk that these
products, once opened, may have their quality degraded is significant. This means
that such products should not have been available at the counter.

The root-causes determined in the self-service area were the following:

• Poor inventory management practices; in particular, two situations:

# Available inventory models are not used or not correctly utilized by the mar-
ket manager;

# Very large order sizes when product promotions occur. It was found that, very
often, the quantities of products ordered for promotion events were too high,
resulting in too high inventory levels;



Sustainability 2022, 14, 403 11 of 17

• The envisaged process to control the products’ expiry dates were not consistently
performed, mainly due to a lack of an effective daily planning and management.

3.4.5. Definition of Planned Countermeasures (Action Plan)

All of the root-causes determined in the previous step were validated by the team
members participating in the workshop. It allowed for people to appropriate the improve-
ment actions or countermeasures that were defined to respond to each root-cause. They are
described in the fifth section of the A3 report. For example, a visual standard (Figure 4)
was developed to assist the personnel at the counter in better performing the ham-cutting
process. In addition to this, the standard also specified the acceptable weight of ham that
should be left.
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Figure 4. Visual standard for the “ham-cutting” operation created during the Kaizen event.

3.4.6. Definition of a Control Plan and Planning for Follow-Up Actions

Finally, a set of follow-up actions was defined, where key metrics would be measured,
monitored, and evaluated on a daily or weekly basis. Due to the fact that the shrinkage
rate is a lagging indicator, and is only available on the following day, the team tried to
define a leading indicator to track the performance. For example, in the counter, the team
monitored during the first weeks of the follow-up the percentage of cut ham items whose
weight was above the acceptable weight indicated in the standard illustrated in Figure 4.
This also allowed the team to confirm that the leftover ham was a relevant cause for the
shrinkage rate, since the higher the percentage of items above the upper limit, the higher
the shrinkage.

3.5. Kaizen Event Follow-Up

The follow-up actions were determined and put in place to verify if the countermea-
sures produced the expected result. This phase also aimed to maintain the new procedures
and routines in order to stabilize processes. Run charts were used to visually monitor
the evolution of KPIs on a daily basis. Figure 5 illustrates the chart used to monitor the
accumulated overall shrinkage rate generated in the counter, where it was possible to
visualize a positive trend towards the objective. Similar charts were created and used to
control the evolution of the shrinkage rate regarding the main product categories: ham
and sausages.
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Figure 5. Run chart to monitor the overall shrinkage rate in the counter.

The already-in-place shrinkage control procedures contemplates the measurement
and recording of the amount/weight of wasted product, stratifying by product category
and by the type or cause of the shrinkage.

The general trend of the indicators was positive. It was interesting to notice that
stockouts also decreased, thus meaning that shrinkage reduction was not achieved at the
expense of a lack of product; in fact, quite the contrary. Figure 6 shows the evolution of the
shrinkage rate and of the stockouts index in the counter. On average, the percentage values
for the shrinkage rate were reduced to around a half, thus much more positively impacting
the reduction in the food waste generated by this market. Moreover, the countermeasures
were also revealed to be effective in reducing the out-of-stock percentage, which was
decreased by one third. The results in the self-service area were similar.
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Figure 6. Evolution of the two main KPIs in the counter.

From Figure 6, one can also notice a deterioration of the shrinkage rate performance
during the summer period in August. It reveals a higher variability during this period,
mainly due to the vacation period of some of the permanent staff and their replacement
by temporary and untrained employees who are hired during this period. In order to
sustain the achieved performance results, a set of procedures were standardized and
the people from the cold meat market were trained in these standards, including the
temporary personnel.
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The results demonstrated the overall effectiveness of the countermeasures in reducing
the food waste measured by the shrinkage rate and, at the same time, decreasing the
proportion of stockouts, hence contributing to increased sales. This integrated perspective
provides an interesting notion of the strong relationship existing in food retail between
social and environmental sustainability and economic and business sustainability.

4. Discussion and Conclusions

This paper described the case study of a Gemba Kaizen event conducted at a food
retail store in Portugal with the main purpose of reducing the “shrinkage rate” in the
cold meat market, a sustainability indicator related to food waste. As was explained in
the Kaizen event planning stage, a secondary aim concerned the diminishing of OOS
measured by an operational indicator called the “stockouts index”. The event comprised
three stages—preparation, improvement workshop, and follow-up—and it was conducted
as part of a daily Kaizen program that was being implemented in the store, which served
as a pilot for a broader and strategic project of the company called a “lean store”.

Improvement actions were defined and implemented in the two areas that comprise
the cold meat market (self-service and counter) after determining the root-causes for the
shrinkage problem. During the weeks that followed the Kaizen workshop, the pilot store
was able to reach the top-ranking position regarding the shrinkage indicator in the cold
meat market, among all of the stores that the retail company own in Portugal. The national
coordinator for the cold meat market has estimated overall savings of more than EUR
100,000 a year if the measures introduced by this project are adopted country-wide.

The main performance indicator classified in the sustainability category monitored by
the company is the percentage of cardboard and plastic waste resulting from the replen-
ishment operations that are recycled. Typically, the shrinkage rate was not regarded as an
indicator of sustainability, but mainly as a metric that is indicative of the amount of unsold
product. This project introduced the theme of lean green within the company. One of the
things that attracted attention from this initiative was that the reduction in the shrinkage
rate not only contributed to decreasing the amount of wasted food, but also contributed to
diminishing the OOS occurrences, thus contributing to increase the sales of the store. For
these reasons, and from a business point of view, it was possible for managers to establish
a linkage between sustainability and the financial results of the company.

Two foundational success factors were revealed to be critical for the outcome of this
project: firstly, the visible commitment from the leadership of the store, and, secondly, the
involvement of the operational staff from the very beginning during the pre-diagnosis
activities, which allowed them to understand and be aware of the importance of reducing
the amount of wasted food, while contributing to increase sales.

5. Limitations and Future Research

The case study described in this paper was conducted at a single store with a specific
format dimension. The operations and other considerations made regarding the cold meat
market described for the pilot store are very applicable to other hypermarket formats
too; however, we do recognize the situation as a limitation of the study. In addition, the
researchers were not able to conduct a study on the reduction in the shrinkage rate in other
relevant markets from the fresh product’s department. To benchmark the learning derived
from the lean case herein presented, there is a need to extend this research to another store
format in order to validate the applicability of the lean and green methodologies, not only
in the cold meat areas, but also in other fresh products’ markets.

Author Contributions: Conceptualization, P.A.M. and A.M.C.; methodology, P.A.M. and A.M.C.;
formal analysis, P.A.M. and A.M.C.; investigation, P.A.M.; resources, P.A.M. and A.M.C.; writing—
original draft preparation, P.A.M. and A.M.C.; writing and editing, P.A.M. and A.M.C.; project
administration, P.A.M. and A.M.C.; funding acquisition, J.O.S. All authors have read and agreed to
the published version of the manuscript.



Sustainability 2022, 14, 403 14 of 17

Funding: This research was funded by the HORIZON 2020 EU Programme PhytoAPP project, grant
number 101007642 H2020-MSCA-RISE-2020.

Institutional Review Board Statement: Not Applicable.

Informed Consent Statement: Not Applicable.

Data Availability Statement: Restrictions apply to the availability of the data.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Buck, R.; Minvielle, A. A fresh take on food retailing. Perspect. Retail Consum. Goods 2014, 71–84. Available online:

https://www.mckinsey.com/~/media/mckinsey/dotcom/client_service/retail/articles/perspectives%20-%20winter%2020
13/3_fresh_take_on_food_retailing_vf.ashx (accessed on 19 November 2021).

2. Hirsch, S.; Lanter, D.; Finger, R. Profitability and Competition in EU Food Retailing. In Proceedings of the 2018 Agricultural &
Applied Economics Association Annual Meeting, Washington, DC, USA, 5–7 August 2018.

3. Ribeiro, R.; Sobral, P.; Peças, P.; Henriques, E. A sustainable business model to fight food waste. J. Clean. Prod. 2018, 177, 262–275.
[CrossRef]

4. Buisman, M.E.; Haijema, R.; Bloemhof-Ruwaard, J.M. Discounting and dynamic shelf life to reduce fresh food waste at retailers.
Int. J. Prod. Econ. 2019, 209, 174–184. [CrossRef]

5. Lohnes, J.D. Regulating surplus: Charity and the legal geographies of food waste enclosure. Agric. Hum. Values 2021, 38, 351–363.
[CrossRef]

6. Wilson, N.L.W.; Bradley, J.R.; Saputo, R.; Ho, S. Food waste: The role of date labels, package size, and product category. Food Qual.
Prefer. 2017, 55, 35–44. [CrossRef]

7. Kavanaugh, M.; Quinlan, J.J. Consumer knowledge and behaviors regarding food date labels and food waste. Food Control 2020,
115, 107285. [CrossRef]

8. Arcuri, S. Food poverty, food waste and the consensus frame on charitable food redistribution in Italy. Agric. Hum. Values 2019,
36, 263–275. [CrossRef]

9. Massari, S.; Antonelli, M.; Principato, L.; Pratesi, C.A. Design Thinking to engage consumers in achieving zero waste food
experiences: The CEASE framework. In Design Thinking for Food Well-Being; Batat, W., Ed.; Springer: Cham, Switzerland, 2021;
pp. 247–260.

10. Álvarez-Rodríguez, C.; Martín-Gamboa, M.; Iribarren, D. Sustainability-oriented efficiency of retail supply chains: A combination
of life cycle assessment and dynamic network data envelopment analysis. Sci. Total Environ. 2020, 795, 135977. [CrossRef]

11. Broekmeulen, R.A.C.M.; Van Donselaar, K.H. Quantifying the potential to improve on food waste, freshness and sales for
perishables in supermarkets. Int. J. Prod. Econ. 2019, 209, 265–273. [CrossRef]

12. Beck, A. Reconceptualising loss in retailing: Calling time on shrinkage. Int. Rev. Retail Distrib. Consum. Res. 2017, 27, 407–423.
[CrossRef]

13. Gomez-Conde, J.; Lunkes, R.J.; Rosa, F.S. Environmental innovation practices and operational performance: The joint effects
of management accounting and control systems and environmental training. Account. Audit. Account. J. 2019, 32, 1325–1357.
[CrossRef]

14. Bertolini, M.; Romagnoli, G.; Weinhard, A. Proposing a value-added indicators framework for the apparel and fashion sector:
Design and empirical evaluation. Int. J. RF Technol. 2017, 3, 143–164. [CrossRef]

15. Saucède, F.; Fenneteau, H.; Codron, J.M. Department upkeep and shrinkage control: Two key variables in optimizing the
performance of fruit and vegetables departments. Int. J. Retail Distrib. Manag. 2014, 42, 733–758. [CrossRef]

16. Naidoo, M.; Gasparatos, A. Corporate environmental sustainability in the retail sector: Drivers, strategies and performance
measurement. J. Clean. Prod. 2018, 203, 125–142. [CrossRef]

17. Álvarez-Rodríguez, C.; Martín-Gamboa, M.; Iribarren, D. Sustainability-oriented management of retail stores through the
combination of life cycle assessment and dynamic data envelopment analysis. Sci. Total Environ. 2019, 683, 49–60. [CrossRef]

18. Mou, S.; Robb, D.J.; DeHoratius, N. Retail store operations: Literature review and research directions. Eur. J. Oper. Res. 2018, 265,
399–422. [CrossRef]

19. EPS—European Physical Society. The Importance of Physics to the Economies of Europe—A Study by Cebr for the Period 2011–2016;
European Physical Society: Mulhouse, France, 2019; pp. 5–13.

20. PwC—Price Waterhouse Coopers. The Economic Impact of the US Retail Industry; National Retail Federation: Washington, DC,
USA, 2020; pp. 1–19.

21. Fredriksson, A.; Liljestrand, K. Capturing food logistics: A literature review and research agenda. Int. J. Logist. Res. Appl. 2015, 18,
16–34. [CrossRef]

22. Fisher, M. Foreword: Special issue on retail operations. Prod. Oper. Manag. 2013, 22, 755–757. [CrossRef]
23. Lagorio, A.; Pinto, R. Food and grocery retail logistics issues: A systematic literature review. Res. Transp. Econ. 2020, 87, 100841.

[CrossRef]
24. Teller, C.; Holweg, C.; Reiner, G.; Kotzab, H. Retail store operations and food waste. J. Clean. Prod. 2018, 185, 981–997. [CrossRef]

https://www.mckinsey.com/~/media/mckinsey/dotcom/client_service/retail/articles/perspectives%20-%20winter%202013/3_fresh_take_on_food_retailing_vf.ashx
https://www.mckinsey.com/~/media/mckinsey/dotcom/client_service/retail/articles/perspectives%20-%20winter%202013/3_fresh_take_on_food_retailing_vf.ashx
http://doi.org/10.1016/j.jclepro.2017.12.200
http://doi.org/10.1016/j.ijpe.2017.07.016
http://doi.org/10.1007/s10460-020-10150-5
http://doi.org/10.1016/j.foodqual.2016.08.004
http://doi.org/10.1016/j.foodcont.2020.107285
http://doi.org/10.1007/s10460-019-09918-1
http://doi.org/10.1016/j.scitotenv.2019.135977
http://doi.org/10.1016/j.ijpe.2017.10.003
http://doi.org/10.1080/09593969.2017.1319402
http://doi.org/10.1108/AAAJ-01-2018-3327
http://doi.org/10.3233/RFT-171674
http://doi.org/10.1108/IJRDM-02-2013-0036
http://doi.org/10.1016/j.jclepro.2018.08.253
http://doi.org/10.1016/j.scitotenv.2019.05.225
http://doi.org/10.1016/j.ejor.2017.07.003
http://doi.org/10.1080/13675567.2014.944887
http://doi.org/10.1111/poms.12014
http://doi.org/10.1016/j.retrec.2020.100841
http://doi.org/10.1016/j.jclepro.2018.02.280


Sustainability 2022, 14, 403 15 of 17

25. Caro, F.; Kök, A.G.; Martínez-de-Albéniz, V. The future of retail operations. Manuf. Serv. Oper. Manag. 2020, 22, 47–58. [CrossRef]
26. Bouzaabia, O.; Van Riel, A.C.R.; Semeijn, J. Managing in-store logistics: A fresh perspective on retail service. J. Serv. Manag. 2013,

24, 112–129. [CrossRef]
27. Bertolini, M.; Ferreti, G.; Vignali, G.; Volpi, A. Reducing out of stock, shrinkage and overstock through RFID in the fresh food

supply chain: Evidence from an Italian retail pilot. Int. J. RF Technol. 2013, 4, 107–125. [CrossRef]
28. Chuang, H.; Oliva, R.; Liu, S. Examining the link between retailer inventory leanness and operational efficiency: Moderating

roles of firm size and demand uncertainty. Prod. Oper. Manag. 2019, 28, 2338–2364. [CrossRef]
29. Kirci, M.; Biçer, I.; Seifert, R.W. Optimal replenishment cycle for perishable items facing demand uncertainty in a two-echelon

inventory system. Int. J. Prod. Res. 2019, 57, 1250–1264. [CrossRef]
30. Calvo, E.; Cui, R.; Wagner, L. Disclosing product availability in online retail. Manuf. Serv. Oper. Manag. 2020. [CrossRef]
31. Chopra, S.; Meindl, P. Supply Chain Management: Strategy, Planning and Operations, 3rd ed.; McGraw-Hill: New York, NY,

USA, 2008.
32. Aastrup, J.; Kotzab, H. Forty years of Out-of-Stock research—And shelves are still empty. Int. Rev. Retail Distrib. Consum. Res.

2010, 20, 147–164. [CrossRef]
33. Sloot, L.M.; Verhoef, P.C.; Franses, P.H. The impact of brand equity and the hedonic level of products on consumer stock-out

reactions. J. Retail. 2005, 81, 15–34. [CrossRef]
34. Kucuk, S.U. Reducing out-of-stock costs in a developing retailer sector. J. Int. Consum. Mark. 2004, 16, 75–104. [CrossRef]
35. Mckinnon, A.C.; Mendes, D.; Nababteh, M. In-store logistics: An analysis of on-shelf availability and stockout responses for three

product groups. Int. J. Logist. Res. Appl. 2007, 10, 251–268. [CrossRef]
36. Ku, H.; Kuo, C.; Fang, W.; Yu, Y. The impact of retail out-of-stock options on preferences: The role of consumers’ desire for

assimilation versus differentiation. Mark. Lett. 2014, 25, 53–66. [CrossRef]
37. Nguyen, D.H.; De Leeuw, S.; Dullaert, W.E.H. Consumer behaviour and order fulfilment in online retailing: A systematic review.

Int. J. Manag. Rev. 2018, 20, 255–276. [CrossRef]
38. Ali, D.H. Assessment of the effect of out-of-stock on customers purchasing behavior. Int. J. Transp. Eng. Technol. 2019, 5, 25–29.
39. Benrqya, Y. An examination of the effects of cross-docking on retail out of stock. Int. J. Retail Distrib. Manag. 2021, 49, 636–651.

[CrossRef]
40. Fisher, M.; Raman, A. The New Science of Retailing: How Analytics are Transforming the Supply Chain and Improving Performance;

Harvard Business Press: Boston, MA, USA, 2010; pp. 9–28.
41. Ta, H.; Esper, T.L.; Tokar, T. Appealing to the crowd: Motivation message framing and crowdsourcing performance in retail

operations. Prod. Oper. Manag. 2021, 30, 3192–3212. [CrossRef]
42. Pires, M.; Pratas, J.; Liz, J.; Amorim, P. A framework for designing backroom areas in grocery stores. Int. J. Retail Distrib. Manag.

2017, 45, 230–252. [CrossRef]
43. Rizwan, M.; Hensen, E.B. On the Shelf Availability in Food Based Discount Stores Molde Grocery Environment. Master’s Thesis,

Molde University College, Molde, Sweden, 2009.
44. Moorthy, R.; Behera, S.; Verma, S. On-shelf availability in retailing. Int. J. Comput. Appl. 2015, 116, 47–51. [CrossRef]
45. Van Donselaar, K.H.; Peters, J.; De Jong, A.; Broekmeulen, R.A.C.M. Analysis and forecasting of demand during promotions for

perishable items. Int. J. Prod. Econ. 2016, 172, 65–75. [CrossRef]
46. De Moraes, C.C.; Costa, F.H.O.; Pereira, C.R.; Silva, A.L.; Delai, I. Retail food waste: Mapping causes and reduction practices. J.

Clean. Prod. 2020, 256, 120124. [CrossRef]
47. Mangla, S.K.; Govindan, K.; Luthra, S. Critical success factors for reverse logistics in Indian industries: A structural model. J.

Clean. Prod. 2016, 129, 608–621. [CrossRef]
48. Cho, Y.; Soster, R.L.; Burton, S. Enhancing environmentally conscious consumption through standardized sustainability informa-

tion. J. Consum. Aff. 2018, 52, 393–414. [CrossRef]
49. Upadhyaya, S.; Hughes, M.; Houston, H.R. Using sustainability as a framework for marketing curricula and pedagogy. J. Sustain.

Educ. 2019, 20, 19.
50. Huang, I.Y.; Manning, L.; James, K.L.; Grigoriadis, V.; Millington, A.; Wood, V.; Ward, S. Food waste management: A review of

retailers’ business practices and their implications for sustainable value. J. Clean. Prod. 2021, 285, 125484. [CrossRef]
51. Thompson, B. Green retail: Retailer strategies for surviving the sustainability storm. J. Retail Leis. Prop. 2007, 6, 281–286.

[CrossRef]
52. Sinha, R. Green retailing: An exploratory study examining the effects of sustainability on global retail landscape. In Proceedings

of the Conference on Inclusive and Sustainable Growth Role of Industry, Government and Society, Nagpur, India, 15–16 July 2011.
53. ElAlfy, A.; Palaschuk, N.; El-Bassiouny, D.; Wilson, J.; Weber, O. Scoping the evolution of corporate social responsibility (CSR)

research in the sustainable development goals (SDGs) era. Sustainability 2020, 12, 5544. [CrossRef]
54. Van Woensel, T.; Van Donselaar, K.; Broekmeulen, R.; Fransoo, J. Consumer responses to shelf out-of-stocks of perishable products.

Int. J. Phys. Distrib. Logist. Manag. 2007, 37, 704–718. [CrossRef]
55. Lukic, R. The effects of application of Lean concept in retail. Econ. Ser. Manag. 2012, 15, 88–98.
56. Noda, T. Integration of Lean operation and pricing strategy in retail. J. Mark. Dev. Compet. 2015, 9, 50–60.
57. Madhani, P.M. Performance optimisation of retail industry: Lean Six Sigma approach. ASBM J. Manag. 2020, 13, 74–91.
58. Arnheiter, E.D.; Maleyeff, J. The integration of Lean management and Six Sigma. TQM Mag. 2005, 17, 5–18. [CrossRef]

http://doi.org/10.1287/msom.2019.0824
http://doi.org/10.1108/09564231311323926
http://doi.org/10.3233/RFT-120040
http://doi.org/10.1111/poms.13055
http://doi.org/10.1080/00207543.2018.1504244
http://doi.org/10.1287/msom.2020.0882
http://doi.org/10.1080/09593960903498284
http://doi.org/10.1016/j.jretai.2005.01.001
http://doi.org/10.1300/J046v16n03_05
http://doi.org/10.1080/13675560701478075
http://doi.org/10.1007/s11002-013-9241-6
http://doi.org/10.1111/ijmr.12129
http://doi.org/10.1108/IJRDM-06-2020-0216
http://doi.org/10.1111/poms.13423
http://doi.org/10.1108/IJRDM-01-2016-0004
http://doi.org/10.5120/20296-2811
http://doi.org/10.1016/j.ijpe.2015.10.022
http://doi.org/10.1016/j.jclepro.2020.120124
http://doi.org/10.1016/j.jclepro.2016.03.124
http://doi.org/10.1111/joca.12172
http://doi.org/10.1016/j.jclepro.2020.125484
http://doi.org/10.1057/palgrave.rlp.5100079
http://doi.org/10.3390/su12145544
http://doi.org/10.1108/09600030710840822
http://doi.org/10.1108/09544780510573020


Sustainability 2022, 14, 403 16 of 17

59. Bhamu, J.; Sangwan, K.S. Lean manufacturing: Literature review and research issues. Int. J. Oper. Prod. Manag. 2012, 34, 876–940.
[CrossRef]

60. Stone, K.B. Four decades of Lean: A systematic literature review. Int. J. Lean Six Sigma 2012, 3, 112–132. [CrossRef]
61. Ohno, T. Toyota Production System: Beyond Large Scale Production; Productivity Press: New York, NY, USA, 1988; pp. 75–92.
62. Gutpa, S.; Jain, S.K. A literature review on Lean manufacturing. Int. J. Manag. Sci. Eng. Manag. 2013, 8, 241–249.
63. Alaskari, O.; Ahmad, M.M.; Pinedo-Cuenca, R. Development of a methodology to assist manufacturing SMEs in the selection of

appropriate Lean tools. Int. J. Lean Six Sigma 2016, 7, 62–84. [CrossRef]
64. Myerson, P. Lean retail. In The Routledge Companion to Lean Management; Netland, T.H., Powell, D.J., Eds.; Routledge: New York,

NY, USA, 2017; pp. 413–421.
65. Morcillo-Bellido, J.; Duran, A. Supply chain sustainability in Spanish major retailer through strategic alliances and Lean practices.

In Closing the Gap between Practice and Research in Industrial Engineering; Viles, E., Ormazábal, M., Lleo, A., Eds.; Springer: Cham,
Switzerland, 2018; pp. 11–18.

66. Naruo, S.; Toma, S.G. From Toyota production system to Lean retailing: Lessons from Seven-Eleven Japan. In Advances in
Production Management System; Olhager, J., Perrson, F., Eds.; Springer: New York, NY, USA, 2017; pp. 387–395.

67. Womack, J.P.; Jones, D.T. Lean Solutions: How Companies and Customers can Create Value and Wealth Together; Free Press: New York,
NY, USA, 2005.

68. Smith, L.; Sparks, L. Tesco’s supply chain management. In Logistics & Retail Management: Emerging Issues and New Challenges in the
Retail Supply Chain, 3rd ed.; Fernie, J., Sparks, L., Eds.; Kogan Page: London, UK, 2009; pp. 143–171.

69. Onetto, M. When Toyota met e-commerce. McKinsey Q. 2014, 2, 1–7.
70. Domingo, T.M. The Adoption of Lean Techniques to Optimize the On-Shelf Availability of Products and Drive Business

Performance in the Food Industry: A South African Manufacturing and Retail Case Study. Master’s Thesis, Cape Town University,
Cape Town, South Africa, 2013.

71. Sowards, D. How Lean improves shop productivity. Contractor Magazine, 15 August 2017; p. 36.
72. Evans, J.R.; Lindsay, W.M. An Introduction to Six Sigma & Process Improvement, 2nd ed.; CENGAGE Learning: Stamford, CT, USA,

2015; pp. 199–221.
73. Jaca, C.; Santos, J.; Errasti, A.; Viles, E. Lean thinking with improvement teams in retail distribution: A case study. Total Qual.

Manag. 2012, 23, 449–465. [CrossRef]
74. Kor, Y.Y.; Prabhu, J.; Esposito, M. How large food retailers can help solve the food waste crisis. Harv. Bus. Rev. 2017.

Available online: https://hbr.org/2017/12/how-large-food-retailers-can-help-solve-the-food-waste-crisis (accessed on 19
November 2021).

75. Buzby, J.C.; Bentley, J.T.; Padera, B.; Ammon, C.; Campuzano, J. Estimated fresh produce shrink and food loss in U.S. supermarkets.
Agriculture 2015, 5, 626–648. [CrossRef]

76. Srivastava, S.K.; Chaudhuri, A.; Srivastava, R.K. Propagation of risks and their impact on performance in fresh food retail. Int. J.
Logist. Manag. 2015, 26, 568–602. [CrossRef]

77. Vadakkepatt, G.G.; Winterich, K.P.; Mittal, V.; Zinn, W.; Beitelspacher, L.; Aloysius, J.; Ginger, J.; Reilman, J. Sustainable retailing.
J. Retail. 2021, 97, 62–80. [CrossRef]

78. Cicatiello, C.; Franco, S.; Pancino, B.; Blasi, E. The value of food waste: An exploratory study on retailing. J. Retail. Consum. Serv.
2016, 30, 96–104. [CrossRef]

79. Filimonau, V.; Gherbin, A. An exploratory study of food waste management practices in the UK grocery retail sector. J. Clean.
Prod. 2017, 167, 1184–1194. [CrossRef]

80. Kulikovskaja, V.; Aschemann-Witzel, J. Food waste avoidance actions in food retailing: The case of Denmark. J. Int. Food Agribus.
Mark. 2017, 29, 328–345. [CrossRef]

81. Hermsdorf, D.; Rombach, M.; Bitsch, V. Food waste reduction practices in German food retail. Br. Food J. 2017, 119, 2532–2546.
[CrossRef] [PubMed]

82. Sanchez-Rodrigues, V.; Kumar, M. Synergies and misalignments in Lean and Green practices: A logistics industry perspective.
Prod. Plan. Control 2019, 30, 369–384. [CrossRef]

83. Kouhizadeh, M.; Zhu, Q.; Sarkis, J. Blockchain and the circular economy: Potential tensions and critical reflections from practice.
Prod. Plan. Control 2020, 31, 950–966. [CrossRef]

84. Bhasin, S. Lean Management beyond Manufacturing: A Holistic Approach; Springer: Cham, Coventry, UK, 2015; pp. 11–26.
85. Bhuiyan, N.; Baghel, A. An overview of continuous improvement: From the past to the present. Manag. Decis. 2005, 43, 761–771.

[CrossRef]
86. Womack, J.P.; Jones, D.T. Lean Thinking: Banish Waste and Create Wealth in Your Corporation—Expanded and Revised; Free Press:

New York, NY, USA, 2003; pp. 29–36.
87. Bicheno, J.; Holweg, M. The Lean Toolbox: A Handbook for Lean Transformation, 5th ed.; PICSIE Books: Buckingham, UK, 2016;

pp. 18–31.
88. Amani, P.; Lindbom, I.; Sundström, B.; Östergren, K. Green-Lean synergy-root-cause analysis in food waste prevention. Int. J.

Food Syst. Dyn. 2015, 6, 99–109.
89. Van der Goot, A.J.; Pelgrom, P.J.M.; Berghout, J.A.M.; Geerts, M.E.J.; Jankowiak, L.; Hardt, N.A.; Keijer, J.; Schutyser, M.A.I.;

Nikiforidis, C.V.; Boom, R.M. Concepts for further sustainable production of foods. J. Food Eng. 2016, 168, 42–51. [CrossRef]

http://doi.org/10.1108/IJOPM-08-2012-0315
http://doi.org/10.1108/20401461211243702
http://doi.org/10.1108/IJLSS-02-2015-0005
http://doi.org/10.1080/14783363.2011.593907
https://hbr.org/2017/12/how-large-food-retailers-can-help-solve-the-food-waste-crisis
http://doi.org/10.3390/agriculture5030626
http://doi.org/10.1108/IJLM-02-2014-0032
http://doi.org/10.1016/j.jretai.2020.10.008
http://doi.org/10.1016/j.jretconser.2016.01.004
http://doi.org/10.1016/j.jclepro.2017.07.229
http://doi.org/10.1080/08974438.2017.1350244
http://doi.org/10.1108/BFJ-06-2017-0338
http://www.ncbi.nlm.nih.gov/pubmed/29853717
http://doi.org/10.1080/09537287.2018.1501812
http://doi.org/10.1080/09537287.2019.1695925
http://doi.org/10.1108/00251740510597761
http://doi.org/10.1016/j.jfoodeng.2015.07.010


Sustainability 2022, 14, 403 17 of 17

90. Jagtap, S.; Bhatt, C.; Thik, J.; Rahimifard, S. Monitoring potato waste in food manufacturing using image processing and internet
of things approach. Sustainability 2019, 11, 3173. [CrossRef]

91. Lindberg, E.; Sohlin, T. Food Recalls in the Food Supply Chain: A Qualitative Study of Different Product Flows in a Retail Context, Degree
Project; Umeå University: Umeå, Sweden, 2021.
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