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Abstract: The problem of food waste in food services, which is global and essentially affects the
entire world, is a major challenge for the hospitality industry. At the same time, it should be noted
that this problem has not been sufficiently studied, which makes it difficult to reduce it effectively.
The study was carried out in four hotels in late 2019 and early 2020. In order to determine the scale
of food waste, the diary method was used, which consists of systematically recording, for seven days,
in forms prepared for workstations, the weight of all food products and unused food, including the
stage of the technological process. In the hotels under study, most food was wasted in the serving
department, i.e., in the buffet in the dining room or in the form of plate waste (on average 72.55% of
wasted food). After taking into account the number of hotel guests served, it was found that in the
investigated facilities, an average of 0.046 kg was wasted from each serving offered to guests in the
form of plate waste, which constituted 5.8% of its weight. In sum, it should be stated that in order
to reduce food waste, it is necessary to educate both food services staff and consumers. Employees
should be trained in the proper handling of food. Consumer education, on the other hand, should be
directed toward raising awareness of the negative impact of food waste, such as that on the natural
environment. In addition, it should indicate what action everyone can take to limit this negative
phenomenon, whether at home, in the workplace, or in a food service establishment.

Keywords: food waste; food service; hospitality; storage area; production area; leftovers

1. Introduction

A large number of publications have shown that the problem of food waste in the
food service industry is global and essentially affects the whole world [1–4]. However,
as Filimonau, Nghiem, and Wang emphasized [5], although the catering sector generates
significant amounts of wasted food, it remains insufficiently studied, especially in the
context of individual sub-sectors.

As shown by a FUSIONS (Food Use for Social Innovation by Optimising Waste
Prevention Strategies) survey [6], the EU food service sector produces about 12% of the
total amount of wasted food, which is third after households (53%) and the food industry
(19%). It has been estimated that in 2010, the food service sector in the whole EU produced
more than 12 million tonnes of food waste [7]. In the UK alone, the hospitality industry
produced about 3 million tonnes of food waste (WRAP 2013). In Scandinavia, hospitality
operations generated more than 0.45 million tonnes of wasted food in one year [8].

Outside Europe, the contribution of the food service sector to food waste is equally
important. In the United States, each year, the food service sector—including full-service
and limited-service restaurants—generates nearly 16 million tonnes, which is about 25.4%
in the food supply chain [9]. In contrast, data on food waste in China indicate that the
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food service sector is responsible for more food waste than households [10]. Wen et al. [11]
indicated that up to 50% of the food wasted in China may come from food service estab-
lishments. At the same time, as Pirani and Arafat [12] emphasized, given the increasing
number of food service establishments and number of consumers who use them, it is to
be expected that the volume of waste, including food waste, produced by food services
will also increase. A WRAP report (Worldwide Responsible Accredited Production) [13]
indicates that the level of food waste in the UK food services sector just between 2015 and
2018 grew by an estimated 7.5%, while other links in the food chain have reduced the level
of food waste (e.g., households by 5.7%) over the same period. However, the document
clearly states that this is a modeled result, which is based on changes in the number and
types of hospitality and food service sites, and the assumption that food waste per site
has remained constant since 2011. The food service market is one of the dynamically
developing sectors of the economy in Poland, too. In 2019, the value of this market in
Poland amounted to almost 32 billion PLN, with an average annual growth of 6% [14,15].
The good condition of the Polish food services market was influenced by positive consumer
confidence and economic prosperity as well as the development of tourism, demographic
changes (an increase in the number of one- and two-person households), the growth in the
distance between workplaces and places of residence, generational changes, including the
appearance of generation Z, for whom the use of food services is an important element of
their lifestyle [14,16,17].

Despite the large scale of food waste in the food services sector, according to Fil-
imonau and De Coteau [18], this problem still draws little and insufficient attention from
researchers, which translates into a small number of publications in this area. Among other
things, the collection of primary data proves problematic. Many food service operators
are reluctant to cooperate with scientific bodies for fear of inappropriate use of this type of
information, which is felt to be sensitive [5]. Another reason for the reluctance to cooperate
are staffing problems in food services establishments, which results in any additional
activity putting an extra burden for staff. According to Filimonau et al. [19], although food
waste is a major challenge for the hospitality industry worldwide, it is surprising that the
problem has still not been investigated adequately, which hinders effective management in
this area.

In Poland as well, to date, only a few studies been conducted on this issue. They
addressed such aspects as the determination of the causes of food waste [20], potential
application of sous-vide in the reduction of food waste at home and in catering establish-
ments [21], and consumer involvement in mitigating restaurant food waste [22]. Mean-
while, through scientific articles, it is possible to demonstrate to practitioners the positive
impact of reducing food waste, the environment, and the image of the company. Therefore,
research in this sector is necessary, owing to which it will be possible to learn about the scale
and causes of food waste, to identify barriers to effective reduction of the phenomenon and
take action to eliminate these.

In this work, it was decided to focus on food waste in hotel food services, which
is characterized by a wide variety of services provided, e.g., serving breakfast to hotel
guests, organizing group celebrations (banquets, conferences), or serving dishes à la carte
in the hotel restaurant. This diversity results in different systems for serving ready-made
dishes, but also, a large amount of food raw material is used, which is subject to various
technological operations. These aspects all contribute to the issue of food waste in hotel
food services remaining inadequately studied.

When undertaking quantitative studies on food waste, we should start by defining
the concept. The terms “food losses”, “food wastage”, and “food waste” can be found in
the literature. These terms can be understood and defined differently, depending on the
needs, objectives, and area of application of a given definition [23]. Discrepancies are also
apparent in the classification of the edible and non-edible parts of food, which translates
into the possibility of identifying them as food losses and waste, and thus including or not
including them in the measurement and monitoring process [24]. Pirani and Arafat [12]
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have defined food waste in the hospitality industry as food that is undesirable and disposed
of, including both leftovers on guest plates and inedible parts produced in the production
of meals. According to Wang et al. [25], when estimating food waste in the hospitality
industry, inedible parts of food such as bones or peels should be excluded, while the
focus should be on what can be avoided [26]. For the purpose of this study, the following
definition has been adopted: “Food waste is any food, and inedible parts of food, removed
from the food supply chain to be recovered or disposed” [27].

The aim of the work was to determine the level of food waste in hotel food services,
taking into account the type of services they provide, i.e., a breakfast buffet for guests,
services for organized groups such as conferences, banquets, and the hotel restaurant.
In addition, the mass of wasted food per customer served was indicated, as well as the
method of handling unused food in the hotels studied.

2. Materials and Methods
2.1. Data Collection

The study was carried out in four hotels in late 2019 and early 2020. In order to
determine the level of food waste in hotel food services, the diary method was used.
This technique is commonly used to assess diet and is regarded as an accurate, but it is
also a very time-consuming method. In addition to quantitative data, it also provides
opportunity to obtain qualitative data which, in the context of the task undertaken, were of
particular importance because it was possible to obtain information on, among other things,
how unused food is managed. This measurement method, which is carried out by means
of a diary and defined as “regular recording of information on food waste by an individual
or group of individuals”, is also recommended by the European Commission [28].

The diary method adopted in practice consisted in systematically recording the mass
of all food products and unused food in forms prepared for workstations, taking into
account the stage of the technological process, over seven days. The study included four
Warsaw hotels that belong to one chain. Thus, the hotels had the same standards with re-
gard to technological equipment and were managed by the same person. The research was
preceded by multiple consultations by the authors with the management and operational
staff working in particular facilities. During these meetings, the prepared workstation
form was discussed, and the methods for weighing and indicating the mass of unused
food products, taking into account the stage of the technological process, was determined.
In each hotel, the workstation forms were completed on an ongoing basis for seven con-
secutive days by chefs. For weighing food products, the hotel food service facilities’ own
scales were used. The manager of the food service division in a hotel chain, together with
the authors of the study, watched over the reliability of measurements.

The facilities offered their services to both business clients and tourists visiting the
capital city of Poland. The characteristics of the hotels in which the study was conducted
are presented in Table 1.

The hotels studied have been in operation for over nine years. All facilities had their
own kitchen where dishes were prepared for their food services. As part of their food
services, only one hotel (H1) offered its guests only breakfast. The other hotels, apart from
breakfast, also provided services for events such as conferences, banquets, and the use
of the hotel restaurant. In all facilities, breakfasts were served in a buffet system. In the
restaurants of hotels H2, H3, and H4, dishes were served by waitstaff, while organized
groups were served in a mixed system (self-service and waitstaff service). The production
of breakfasts and dishes in the food service facilities of all four hotels was partly based on
semi-finished products, e.g., meat in the form edible cuts. Only part of the vegetables and
fruits were delivered in the form of raw materials requiring a full technological process,
including unit operations such as peeling or washing. The supply of food products in
each hotel was provided daily in the just-in-time system, which allowed for a significant
reduction of space required for food storage. Food products were delivered by regular,
specialized suppliers.
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Table 1. Characteristics of the hotels participating in the study.

No. Specification Hotel 1 (H1) Hotel 2 (H2) Hotel 3 (H3) Hotel 4 (H4)

1. Location Warsaw Warsaw Warsaw Warsaw

2. Hotel rating
(number of stars) (1) 1 2 2 3

3. Time in business >9 years >9 years >9 years >9 years

4. Catering services offer breakfasts
breakfasts,

celebrations/
events, restaurant

breakfasts,
celebrations/

events, restaurant

breakfasts,
celebrations/

events, restaurant

5. Number of consumers places
(gastronomy) 200 100 92 142

6.
Average daily number of

consumers served
(gastronomy)

281 221 270 308

7. Supply frequency Every day
(just in time)

Every day
(just in time)

Every day
(just in time)

Every day
(just in time)

8. Position of the person filling
the questionnaire chef chef chef chef

9. Food safety management
systems in place HACCP HACCP HACCP HACCP

10. Testing
time

February/March
2020

February/March
2020

November/
December 2019

October
2019

(1) Hotel rating is based on a scale of 1–5 stars, 5 stars means the highest level of services, 1 star means the lowest/poor standard
(budget/economy).

2.2. Questionnaire

The workstation forms were constructed in tabular form. The forms were developed
for the needs of the conducted research. The workstation form was discussed during con-
sultations by the authors with the management and operational staff working in particular
facilities. Each hotel received a form consisting of participant particulars and seven sets
of tables (one set for each day). Each set consisted of tables concerning the (1) storage
department, (2) production department, (3) breakfast buffet, (4) restaurant, (5) service for
organized groups, and (6) dishwashing facilities. The persons responsible for the conduct
of the study at the facility noted basic information in the tables, such as the (a) mass of
raw materials used in production, (b) mass of dishes served to consumers, (c) mass of food
waste resulting from the preparation of meals, taking into account the stage of the techno-
logical process, and (d) mass of food not consumed by customers. In order to facilitate the
provision of information, a system of numerical values was applied which were allocated
to the response options below the table. The type of information recorded in the form and
the response variants adopted are presented in Figure 1. An example of one of the tables
included on the form is presented in Appendix A.

2.3. Data Analysis

All quantitative data were entered on the forms to two decimal places. On the basis
of the collected data, the following were calculated for each facility: (1) the total number
of guests served during the week and the average daily value; (2) the weight of portions
served daily and the average daily value; and (3) the weight of unused food during the
week and the average daily value. All calculations were made taking into account the stage
of the technological process and/or the type of services provided in the hotels, i.e., serving
breakfast, services to groups, or individual customer service in the hotel restaurant. On the
basis of the obtained values, the following were determined: (1) the share of unused food,
taking into account the stage of the technological process (storage department, production
department, serving department) (%); (2) the share of unused food as intended or thrown
away in the total weight of raw material/semi-finished products used in food preparation
(%), (3) weight of food unused/thrown away per portion, taking into account the stage
of the technological process and the type of services provided in the hotels, i.e., serving
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breakfast, services to groups, or individual customer service in the hotel restaurant (kg).
All analyses were performed using an Excel spreadsheet in Microsoft Office.
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3. Results
3.1. Characteristics of Food Services Provided in the Hotels Studied

The hotels in which the study was conducted provided such services as breakfast
(all facilities), services for organized groups (simply called groups), and service of cus-
tomers in restaurants (H2, H3, H4). In the period under study, the largest number of
customers was served in the H2 facility: a total of 1763 people. The least number of people
(892 customers) used food services in hotel H1, which offered only breakfast (Table 2). In
the hotels offering a full range of food services, i.e., H2, H3, and H4, breakfast had the
largest share in the mass of meals served weekly, respectively: 70.84%, 75.41%, and 66.28%.
Groups in H2, H3, and H4 hotels were served 19.30%, 1.59%, and 18.66%, respectively,
while guests in restaurants were served 9.90%, 22.99%, and 15.07% respectively of the
weekly total mass of dishes.
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Table 2. Weight of raw materials and meals served (kg) in H1, H2, H3, and H4 hotels taking into
account the type of services provided.

Specification H1 H2 H3 H4

weight of raw
materials used

• week (kg) 565.33 1280.38 992.9 943.52
• mean
(kg/day) 80.76 182.91 141.84 134.79

consumers
served
- breakfast

• week (No.) 892 1166 1184 1016
• mean
(No./day) 127.43 166.57 169.14 145.14

consumers
served
- groups

• week (No.) - 434 25 286
• mean
(No./day) - 72.33 (1) 8.33 (2) 57.2 (3)

consumers
served
- restaurant

• week (No.) - 163 361 231
• mean
(No./day) - 23.29 51.57 33.00

weight of dishes
served
- breakfast

• week (kg) 543.77 859.64 866.22 637.04
• mean
(kg/day) 77.68 122.80 123.75 91.01

weight of dishes
served
- groups

• week (kg) - 299.19 (1) 19.39 (2) 225.06 (3)

• mean
(kg/day) - 44.36 2.77 45.01

weight of dishes
served
- restaurant

• week (kg) - 62.02 90.23 58.57
• mean
(kg/day) - 8.86 12.89 8.36

(1) groups were served for 6 days; (2) groups were served for 3 days; (3) groups were served for 5 days.

It was found that in the studied hotels, an average of 0.77 kg of finished products was
served in one breakfast portion (Table 3). In the breakfast buffets, the smallest portion per
consumer was provided in facility H1 (0.68 kg on average), and the largest was provided
in hotel H2 (0.84 kg on average). Slightly smaller portions, as compared to breakfasts, were
served to customers who were part of various types of organized groups. On average, the
mass of ready-made meals served per one guest in the three hotels providing this type of
services was 0.73 kg. However, the calculated standard deviation (SD) indicates a large
dispersion of results around the arithmetic mean, especially in the case of H2 (SD = 0.84).
On the basis of the data obtained, it was found that the most equal portions, in terms of
weight per consumer, were offered to guests in hotel restaurants (SD from 0.02 to 0.12).
Converted into per consumer, the most (0.42 kg on average) was served in hotel H2. In the
facilities H3 and H4, the figure was 0.25 kg each.

Table 3. Mass of meals (kg) served per consumer in hotels H1, H2, H3, and H4, taking into account the type of food
services provided.

Type of
Services Hotel Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Mean

(kg) SD *

breakfast

• H1 1.09 0.52 0.44 0.83 0.88 0.63 0.40 0.68 0.26
• H2 0.43 1.05 0.61 1.89 0.74 0.65 0.51 0.84 0.50
• H3 1.14 0.64 0.70 0.68 0.51 0.98 1.04 0.81 0.23
• H4 1.35 0.95 0.78 0.46 0.59 0.63 0.52 0.75 0.310

groups

• H1 - - - - - - - - -
• H2 - 0.62 0.65 2.60 0.60 0.76 0.30 0.92 0.84
• H3 - - - 0.85 0.55 0.97 - 0.79 0.22
• H4 0.36 0.63 - 1.07 - 0.13 0.10 0.46 0.40

restaurant

• H1 - - - - - - - - -
• H2 0.37 0.40 0.36 0.38 0.66 - 0.37 0.42 0.12
• H3 0.22 0.26 0.26 0.26 0.25 0.24 0.25 0.25 0.02
• H4 0.25 0.26 0.26 0.27 0.22 0.25 0.26 0.25 0.02

* SD—Standard Deviation.
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3.2. The Mass of Unused Food in Hotels, Including the Stage of the Technological Process

When determining the mass of wasted food in the studied hotels, (1) the processes
taking place at the back of the food service facilities (storage, preparation of dishes) were
taken into account, (2) as well as those in the serving department (dining room, dishwash-
ing facilities).

It was found that over seven days, the most food was not used for its intended purpose
in facility H2—159.39 kg, and the figures were slightly less in facility H3—149.30 kg, in H4—
96.15 kg, and H1 (offering breakfast only)—64.64 kg (Table 4). According to the declarations
of the persons completing the questionnaires, no waste of food products at the storage
stage was recorded in the time under investigation. According to the declarations, at the
stage of food preparation, the average mass of unused food during the week was 25.24 kg.
From the information entered in the questionnaire, it appears that this consisted exclusively
of inedible parts of food products, such as fruit and vegetable peelings and eggshells. The
highest mass of wasted food was recorded during the week studied in the case of plate
waste from the breakfast buffet (average 39.41 kg/week). By comparison, over the same
time, the plate waste after serving restaurant guests averaged 11.69 kg, and after serving
groups, it was 16.29 kg.

Table 4. Mass of food not used in accordance with its intended use in hotels H1, H2, H3, and H4
taking into account the type of food services provided and the stage of the technological process.

Stage of
Technological Process

Hotel

H1 H2 H3 H4

Catering facilities departments

storage areas • sum (kg/week) 0.00 0.00 0.00 0.00
• mean (kg/week) 0.00 0.00 0.00 0.00
• SD 0.00 0.00 0.00 0.00

preparation areas • sum (kg/week) 21.56 59.54 23.0 22.85
• mean (kg/day) 3.08 8.51 3.29 3.26
• SD 1.08 7.20 0.99 1.12

buffet/dining room

breakfast
• sum (kg/week) 22.77 27.24 28.10 22.85
• mean (kg/day) 3.25 3.89 4.01 3.26
• SD 1.233 0.89 1.48 1.00

groups/
restaurant

• sum (kg/week) - n/a * n/a n/a
• mean (kg/day) - n/a n/a n/a
• SD - n/a n/a n/a

dishwashing facilities

breakfast
• sum (kg/week) 20.31 35.72 71.00 30.60
• mean (kg/day) 2.90 5.10 10.14 4.37
• SD 1.366 2.66 3.90 2.42

groups • sum (kg/week) - 32.28 2.20 14.40
• mean (kg/day) - 5.38 (1) 0.73 (2) 2.88 (3)

• SD - 5.91 0.21 4.42

breakfast
• sum (kg/week) - 4.61 25.00 5.45
• mean (kg/day) - 0.77(2) 3.57 0.78
• SD - 0.52 1.17 0.46

* n/a—not available (1) service for 6 days; (2) service for 3 days (3) service for 5 days.

The share of food not used during the week in the total weight of raw material/semi-
finished or finished products used for food preparation was for the individual hotels,
i.e., H1, H2, H3, and H4 respectively: 11.4%, 12.4%, 14.5%, and 10.6% (Figure 2). The
inedible parts of food in the production department accounted for from 2.3% (H3) to 4.7%
(H2) of the mass of raw materials used. The share of finished products in the breakfast
buffet, which were not used as originally intended (breakfast for hotel guests), ranged from
2.1% (H2) to 4.0% (H4) by mass of raw materials used. The largest percentage of wasted
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food constituted plate waste. Its share ranged from 3.6% (H1) to 9.9% (H3) of the mass of
raw materials used.
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According to the data presented in Figure 3, in facility H3, as much as 84.59% of the
unused food during the week came from the serving department. In hotels H1, H2, and
H4, this share was 66.64%, 62.64%, and 76.23% respectively.
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Analyzing the data concerning hotels offering services apart from breakfast, i.e.,
services for groups and individual restaurant service (H2, H3, and H4), it can be seen that
plate waste is predominantly left by hotel guests after breakfast. A clear disproportion is
visible especially in the case of facility H3, where an average of about 10 kg of such waste
was disposed of daily.

3.3. The Size of Portions Offered to Customers and the Mass of Unused Food

To calculate the share of unused food in the mass of portions offered to customers, the
data presented in Table 2 (mass of raw materials used and dishes served/number of people
served) and Table 4 (mass of food not used in accordance with its intended use, taking into
account the food services provided and the stage of the technological process) were used.
The results are presented in Table 5.

Table 5. Mass of unused food per customer.

Stage of Technological Process Hotel

H1 H2 H3 H4

production department • mean (kg/portion) 0.026 0.032 * 0.017 * 0.018 *
• SD 0.01 0.02 0.01 0.01

breakfast buffet
• mean (kg/portion) 0.047 0.033 0.027 0.030
• SD 0.03 0.01 0.01 0.02

dishwashing facilities

breakfast
• mean (kg/portion) 0.037 0.042 0.067 0.033
• SD 0.01 0.03 0.03 0.02

groups • mean (kg/portion) - 0.499 0.090 0.038
• SD - 0.51 0.01 0.04

restaurant
• mean (kg/portion) - 0.037 0.075 0.025
• SD - 0.03 0.03 0.01

* this calculation includes the sum of breakfast portions served and those served to people in groups
and in the hotel restaurant.

The obtained data indicate that, per customer, the least amount of food was thrown
away in the back of the food service facilities, with an average of 0.023 kg during the
preparation of ready meals.

It was determined that hotel guests were unable to consume all the dishes offered
on the breakfast buffet. Each day, an average of 3.6 kg of ready, unconsumed products
were left on the breakfast buffet (from 3.25 to 4.01 kg). After accounting for the number
of consumers served at the breakfast buffet, it was established that in the investigated
facilities, on average, 0.034 kg from each offered portion was left on the buffet, which
constituted 4.4% of its mass. Of each breakfast portion served for one customer, the greatest
amount, i.e., 0.047 kg, was left in facility H1, which accounted for 6.9% of its mass (Table 5).
In the remaining hotels (H2, H3, and H4), the share of the portions in the breakfast buffet
left by the guests was 3.9%, 3.3%, and 4.0% for each hotel, respectively.

Hotel guests also left unconsumed food on plates (plate waste)—on average 5.6 kg
(from 2.9 to 10.1 kg) daily. After accounting for the number of hotel guests served, it was
found that in the investigated facilities, an average of 0.046 kg was wasted from each
portion offered to guests in the form of plate waste, which constituted 5.8% of its mass.
Of each breakfast portion offered to guests, most of the unused food in the form of plate
waste was left in the facility H3 (0.067 kg), which accounted for 8.3% of its mass (Table 5).
In other hotels (H1, H2, H4), the share of food left on plates was at the same level: 5.4%,
5.0%, and 4.4%.

Taking into account both the food left by customers on the breakfast buffet and the
plate waste after breakfast, it was found that of each breakfast portion served per hotel
guest (H1, H2, H3, H4), on average, 0.080 kg of products were not consumed, which
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constituted 10.4% of the breakfast portions prepared. However, plate waste had a greater
share of the mass of the unconsumed breakfast portions prepared.

In hotels H2, H3, and H4, we also weighed the plate waste left by groups after various
closed events and by guests in the hotel restaurant (Table 5). It was found that on customers’
plates handed over to the dishwashers, the greatest amount was left by guests participating
in closed events (groups). Each participant in such an event, taking into account three
hotels providing this type of service, left an average of 0.209 kg of plate waste, which
constituted 24.6% of the portion mass. It was determined that the greatest amount (54.2%
of the weight of the planned portion) was left on plates handed over to the dishwasher by
guests served in groups in facility H2 (nearly 0.5 kg). For comparison, the ratio for guests
in other facilities, i.e., H3 and H4, was 11.4% and 8.3% (0.090 and 0.038 kg, respectively).

Despite the fact that in hotels H2, H3, and H4, the average weight of dishes served per
guest in hotel restaurants was lower in relation to the weight of dishes served at breakfasts
or during organized events (Table 3), on average, 16.3% of its weight went in the form of
plate waste to the dishwashers. Most of the plates were left on the plate by guests served
in the restaurant of hotel H3 (on average 30.0% of each portion). For comparison, guests in
hotels H2 and H4 left on average 8.8% and 10.0% of portions on their plate.

3.4. Management of Unused/Unconsumed Food

The questionnaire used in the study also made it possible to collect qualitative data,
including data on the use of food not used for its intended purpose. In all four facilities,
according to the declarations of the persons completing the questionnaires, food not used
in the back of the food service facilities during the process of preparing meals consisted
of the inedible parts of food. In all facilities, it was declared that the food was disposed
of in a waste container. The same was done in all facilities with so-called plate waste.
Regardless of the type of service provided by the hotels, all the leftovers left on the plates
were disposed of in a waste container. On the other hand, it was found that dishes not
consumed and left by hotel guests on the breakfast buffet were transferred to the staff
buffet. Across the four facilities over the course of the week, the mass of discarded food
was reduced by a total of 469.48 kg (Figure 2). In this way, the food waste was reduced in
the investigated facilities, especially in hotel H1, offering only breakfast to its guests. It was
calculated that in facility H1, in this way, slightly over than 35% of the finished products
were saved from going to waste. In hotels H2, H3, and H4, this percentage was 17.09%,
18.82%, and 23.76% respectively.

4. Discussion

As indicated by the research Okumus et al. [29] guest behaviors, preferences, and atti-
tudes are the causes of food waste in hotels. As Kilibarda et al. [30] notes, limiting food
waste in the hospitality sector is difficult because of the uneven production of food and the
specific and diverse ways of running a business in this sector. As emphasized by Filimonau
and de Coteau [18], the reduction of food waste in food services should be concentrated on
the three basic stages, i.e., the pre-kitchen stage (including food storage), the kitchen, and
the post-kitchen stage. The first stage of food production in food services is the receipt and
storage of raw materials/semi-finished products/products. As this study has shown, there
was no food waste at this stage, which may be related to the fact that all four hotels took
deliveries of food every day in the just-in-time system. That the investigated facilities work
with regular specialized suppliers of food products is also not without significance. In addi-
tion, the elimination of food waste at the storage stage may be a result of a well-functioning
system of food safety supervision in Polish food service facilities and consultations with
external advisors in the implementation of supervision systems [31,32]. However, other
studies have shown that in many food service establishments, food is wasted at this stage.
As indicated by Bilska et al. [20], almost half of the studied establishments occasionally
wasted food at the storage stage due to overlooking the expiry date and excessive pur-
chases. On the other hand, one-third of respondents declared that they occasionally threw
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away food due to ill-considered purchases and improper storage conditions. Kilibarda [33]
noted that the most common cause of food waste in food storage is a failure to follow good
practices in production and hygiene, which in turn may be associated with shortcomings
in the supervision of these processes [34]. Improper storage conditions (e.g., too high
temperature in a refrigerated warehouse) or failure to apply the FIFO principle (First-In,
First-Out) are important factors in the generation of food waste [35]. Although, as Pirani
and Arafat [12] emphasize, many food service facilities, including hotels, have systems in
place to minimize food waste resulting from the expiration of food products in the storage
phase, e.g., they apply the FIFO principle. As Papargyropoulou et al. [2] pointed out, in
hotel food services, the main share of food waste that, according to the authors, can be
avoided is mainly fruit and vegetables, followed by cereal products, fish, and seafood as
well as meat.

The data obtained indicate that in the facilities investigated in the study, in the struc-
ture of unused food, on average 27.47% consisted of inedible parts from the production
department at the stage of food preparation. This value is within the range indicated by
Papargyropoulou et al. [36] in their work, stating that 15 to 55% of food waste originated
in the food preparation stage in the back of food service facilities. The WRAP report [37]
indicates that 45% of food waste originates at the food preparation stage. Meanwhile,
research conducted by The Sustainable Restaurant Association in the UK [38] has indicated
that in British restaurants, most food, i.e., about 65%, is wasted during meal preparation.
Taking into account the mass of raw materials used in the production of dishes in each hotel,
it was determined that the inedible parts of food disposed of in the production department
represented between 2.3% and 4.7% of the total. Considering the number of guests served,
it was calculated that meal preparation generated in the production department on average
23 g of inedible parts of food per customer served. It was noted that of the four facilities
surveyed, the largest percentage of inedible parts of food in the production department
was recorded in facility H2. It had the highest number of guests served during the week,
and therefore, the highest mass of raw material processed in period studied. Additionally,
the hotel served the largest number of consumers during organized events, i.e., groups
(banquets, conferences). It should be noted that in the hotels studied, the production of
meals was based partly on semi-finished products. This likely contributed to the low pro-
portion of food recorded as unused. At this stage of production, the inedible parts of food
were disposed of, so we can speak of unavoidable hospitality food waste. According to
Wang et al. [39], hospitality food waste should exclude non-edible items. Oliveira et al. [7]
estimated avoidable hospitality food waste at 73–79% of the total amount of hospitality
food waste.

In the investigated hotels, the most food was wasted in the serving department,
i.e., in the buffet in the dining room or in the form of plate waste weighed in the dish-
washing room. It was found that in the investigated facilities, on average, 72.55% of
the food wasted came from this department. A significant share of this value (48.82%)
was constituted by plate waste left by consumers on their plates, and 23.73% was food
left/not consumed by hotel guests on the breakfast buffet in the dining room. As it turns
out, a significant part of the food wasted in food services consists of ready-made food.
According to Bilska et al. [20], one of the most common reasons for wasting food in the
food service sector is the preparation of too much food. Optimization of the choice of the
food distribution system should consider not only hygienic and economic aspects [40] but
also issues regarding the minimization of plate waste.

The core element of the food services at all the facilities included in the survey was
serving breakfast to hotel guests. It was determined that during the week, an average of
8.89% of the weight of breakfasts served from the kitchen was not used as intended, i.e.,
consumed by hotel guests at the breakfast buffet, whereby 3.47% of the breakfasts was
left/unused on the buffet, and 5.43% was sent to the dishwasher as plate waste. It was
found in the investigated facilities that for each breakfast portion of 0.77 kg offered for one
customer, 0.034 kg was left on the buffet in the dining room on average, which constituted
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4.4% of its weight. An additional 0.045 kg of the breakfast portion served for one consumer
was returned to the dishwashing room in the form of plate waste without questioning
the quality of meals and e.g., finding foreign objects in them [41,42]. Therefore, it was
determined that an average total of 79 g of each portion of breakfast served was not used for
its original purpose, which was 10.26% of the mass of the breakfast served by the kitchen.
It should be noted that the dishes not used by hotel guests in the breakfast buffet were
transferred to the staff buffet. This is not a common practice. As shown by Bilska et al. [18],
of 130 establishments surveyed, only one in ten allowed employees to eat such dishes.

Participants in the study conducted by Okumus et al. [29], which used semi-structured
face-to-face interviews in all-inclusive hotels in Turkey, indicated that it is difficult to
estimate the amount of food wasted in hotel food services, but based on their experience
and observations, they suggested that as much as 35% of the food served on a breakfast
buffet is wasted. This is a much higher value than the one they had obtained in their
own research (i.e., nearly 9% of the mass of breakfasts spent during the week). Some
respondents in the cited study [29] indicated that the degree of food waste depends on
the type and size of breakfast buffets and whether local food and beverages are offered.
In addition, representatives of the hotels surveyed identified customers as the main source
of food waste.

In our own research, analyzing the structure of food waste, the share of plate waste in
the investigated facilities providing various types of services was nearly 50%. Studies by
other authors indicate a much lower share of plate waste in the structure of food waste.
For example, Papargyropoulou et al. [36] showed that customer plate waste constituted
23–35% of the total. In contrast, WRAP [36] estimated plate waste at 34%. Plate waste left
by customers at the restaurants surveyed by Silvennoinen et al. [43] ranged from 4% to
8%. Nevertheless, it should be taken into account that the mass of plate waste generated
was correlated with the type and form of food service provided. Even so, the largest share
was constituted by plate waste after breakfasts served at a self-service buffet (from H2:
22.41% to H3: 47.56%). This phenomenon can be explained by the fact that hotel guests
using the buffet have already paid for breakfast when paying for the night. Therefore,
as part of the rate, they try to eat as much as possible, wishing to try the items available
on the buffet. Unfortunately, with too many different items, they are unable to consume
them all and thus leave plate waste. In addition, attention should be paid to the mass of
the breakfast portion served to the customer. A particularly large amount of plate waste
was found in facility H3, where a breakfast portion of 0.81 kg on average was served per
customer. However, data concerning facility H2, in which the share of plate waste from the
breakfast buffet was recorded at a much lower level compared to H3, indicate that the mass
of the breakfast portion served to customers is not directly related to the weight of scraps
left on their plates. This is because in this facility, H2, a breakfast of an average weight of
0.84 kg was served per customer. Other problems may be e.g., a poorly chosen breakfast
menu, or inadequate quality of the food served. As Priefer et al. note [44], serving food
on a buffet, when an unlimited amount of food is offered and the price is fixed, is a factor
that stimulates customers to take more than they are able to consume. Papargyropoulou
et al. [2] suggest that using à la carte service instead of buffet service can prevent food
waste. These findings are confirmed by the dependence observed in the hotels surveyed
that the least amount of plate waste was recorded for the service in the restaurant where
the dishes were served à la carte (from 2.89% to 16.74%). It is good practice to analyze
the amount and type of plate waste in order to understand which products are most
often left over and take action to modify the menu on offer [45]. When it is not possible to
change the way dishes are served, the introduction of smaller plates, for example, should be
considered [46], as studies conducted in Poland and Lithuania have shown that portion size
is not a factor influencing the choice restaurant for dining outside the home [47]. Several
studies have measured the effect of changing the size of a plate on the amount of plate
waste. Simulations carried out by Ravandia and Jovanovicb [48] showed that a smaller
plate generates on average 13.4% less plate waste. Kallbekken and Sælen [46] demonstrated
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that reducing the plate size by 3 cm could reduce the amount of plate waste by about 22%.
An experiment carried out by Hansen et al. [49] showed that a 3 cm reduction in the size
of the plate at a lunch buffet led to a 25.8% reduction in the mass of plate waste. Pirani
and Arafat [12] recommend promoting the replacement of lunches and dinners served on a
buffet with choosing from a menu to limit food waste. In addition to reducing plate size,
Mirosa et al. [50] emphasize that solutions worth considering in order to reduce food waste
in food service establishments are ordering meals in advance, limiting the range of dishes
available, and information campaigns to raise consumer awareness. Consumers should be
made aware that food production is connected with a negative impact on the environment
(e.g., the emission of Greenhouse Gases, utilization of natural resources such as water) [51].

The results of the study by Beretta and Hellweg [52] show that avoidable food waste
was estimated at 108 g/meal. In their own research, it was determined that avoidable
food waste (assuming that all dishes served to consumers contain only edible elements)
amounted to 209 g/1 customer, for breakfasts of 79 g/portion, and 46 g/1 customer served
in a restaurant.

Analyzing the data obtained, it was found that on average, 117.4 kg of food was
wasted by one facility in seven days, most of which came from the serving department.
Based on the Tourism in 2019 report [53], in mid-2019 in Poland, there were 7969 restau-
rants, bars, and cafés, canteens, and food service facilities in facilities offering overnight
accommodation for tourists. The most numerous were restaurants—3391 (42.6%) followed
by bars and cafés—2234 (28.0%). The majority of these restaurants, bars, and cafés (65.7%)
were located in hotels. Taking into account the estimated amount of food wasted and
the number of food service facilities in accommodation establishments in Poland, it can
be assumed that the hotel food service sector is responsible for significant amounts of
food waste.

Unfortunately, the rise of Severe acute respiratory syndrome coronavirus 2 (SARS-Cov-
2) pandemic in Poland suddenly interrupted a good period in the market, and the hotel and
food services industry, among other things due to restrictions imposed by the government
(e.g., sale of meals only to take away, limits of guests, a complete ban on serving guests
(from 28 December 2020)), very quickly found itself in an entirely new reality. It should
be assumed that this period is temporary, and once we return to functioning as before the
pandemic, the problems with food waste will be similar to those diagnosed in this work as
well as in many other studies.

In conclusion, it should be stated that reducing food waste in the food services industry,
including hotels, is a major challenge, linked among other things to difficulties in estimating
the demand for services or adjusting the size of portions to the needs of customers, so as to
reduce plate waste. For this reason, further research is needed, which will focus on these
issues in order to introduce programmes to reduce food waste (e.g., change of the way of
consumer service).

The key limitation to this work is the relatively small research sample based on only
one type of food service, namely hotel food services. Another limitation is the short period
over which it was conducted (seven days). The next limitation is the way of the selection
of the sampling. The next survey should fulfill the condition of representativeness for the
Polish food service sector. Further research should also be carried out in other types of
food service establishments, i.e., restaurants and bars. Moreover, the research should be
conducted in different seasons of the year so that the data obtained are representative for
the entire calendar year.

5. Conclusions

On the basis of the conducted research, it should be concluded that most—almost
three-quarters of the food—was wasted in the serving department, i.e., on the buffet in the
dining room or in the form of plate waste.

The share food waste made up of food left on plates by customers was almost half.
The mass of plate waste generated was correlated with the type and form of catering service
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provided, the largest share being plate waste after breakfasts served as a self-service buffet.
The least amount of plate waste was recorded in the restaurant where dishes were served à
la carte.

The dishes not consumed by hotel guests at the breakfast buffet were transferred to
the staff buffet, where the employees of the food service facilities, but also other operational
departments of the hotel, have their meals. Unfortunately, this is not a common practice in
smaller food service establishments, but it can certainly be recommended to them.

At the same time, it is worth stressing that appropriate organization of the system
for supplying food raw materials in catering establishments (daily in just in time) can
completely or almost completely eliminate food waste at the storage stage

In order to reduce food waste, both food service workers and consumers must be
educated. Employees should be trained in the proper handling of food, hygiene, and
serving of food. However, consumer education, should be multilateral. On the one hand,
it should be aimed at raising awareness of the negative impact of food waste, for example
on the natural environment.

On the other hand, it should indicate what action everyone can take to limit this nega-
tive phenomenon, whether at home, in the workplace, or in a food service establishment
(e.g., putting the right amount of food on the plate, which can be consumed).
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Appendix A

Table A1. Form for measuring wasted food in the breakfast buffet.

No. Types of
Meals

The Mass of
Dishes

Obtained from
the Kitchen (kg)

Mass of
Unconsumed

Food (kg)
(Without Plate)

Reason for
Dishes not

Being
Consumed *

Management
**

1.
2.
3.
...

* 1—preparing too much food, 2—spoiled, contamination, 3—other (what?). ** 1—disposed of in a
public garbage container, 2—our employees eat them, 3—drained into the sewer system, 4—donating
food for social purposes, 5—other (what).
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23. Bilska, B.; Piecek, M.; Kołożyn-Krajewska, D.; Krajewski, K. Risk of food losses and potential of food recovery for social purposes.

Waste Manag. 2016, 52, 269–277. [CrossRef]
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