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Abstract

In recent years, out-of-home food waste is growing exponentially and therefore rep-
resents an important focus of attention, albeit little research has been done on this
instance. A few researchers have developed frameworks to better explain wasteful
behaviors away from home, however a comprehensive interpretation of the phenom-
enon giving indications for maps/guidelines for the foodservice managers has not
been carried out. In this paper, as a result of a thematic literature review, the Res-
taurant Food Waste Map (RFWM) was designed to describe the phases in which
the food waste phenomenon occurs, and to identify mitigation activities of food
waste generation processes. The proposed map is aimed to describe three phases
in which the food waste phenomenon occurs: (1) kitchen food preparation, (2)
food service, and (3) clients’ consumption. Moreover, the present map highlights
the approaches that restaurants could take into consideration to better manage the
food waste: (1) prevention, (2) reduction, and (3) reuse/redistribution of food waste.
These approaches set out guidance on the preferred methods of dealing with food
waste so as to minimize its impact on the environment and society. The present
study provides literature knowledge about food waste management at the restaurant
level, and highlights some practical implications. Further studies could explore and
analyze out-of-home waste from both the client and business perspective according
to the proposed RFWM, to target specific attitudes and behavioral changes, and to
quantify the impacts of the suggested changes. Reducing food waste is a key sustain-
ability challenge for the food service industry. Despite the significance of this issue,
a comprehensive interpretation of the phenomenon giving indications for maps/
guidelines for the foodservice managers has received limited attention in the litera-
ture. As a result of a thematic literature review, the RFWM was designed to describe
the phases in which the food waste phenomenon occurs, and to identify mitigation
activities of food waste generation processes with practice-driven initiatives an
organized map has been developed. The proposed map is aimed to describe three
phases in which the food waste phenomenon occurs: (1) kitchen food preparation,
(2) food service, and (3) clients’ consumption. Moreover, the present map highlights
the approaches that restaurants could take into consideration to reduce food waste:
(1) prevention, (2) reduction, and (3) reuse/redistribution of food waste. The present
study provides literature knowledge about food waste management at the restaurant
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level, and highlights some practical implications. Further studies could explore and
analyze out-of-home waste from both the client and business perspective according
to the proposed RFWM, to target specific attitudes and behavioral changes, and to
quantify the impacts of the suggested changes. The concepts discussed here could
help practitioners to become more aware of the factors that drive the adoption of
food waste management practices.

Keywords Food waste - Wasteful behavior - Restaurant waste - Consumer waste -
Restaurant management - Out-of-home waste

1 Introduction

How much food is wasted in the world? Food waste has reached a frightening
dimension: one-third of the food produced in the world suffers this end (FAO 2019).
The FAO gave the first definition of food waste in 1981 as “some wholesome edible
material intended for human consumption, arising at any point in the food supply
chain that is instead discarded, lost, degraded or consumed by pests”. Fanfani (2009)
defines "waste" as a product that has lost its commercial value and consequently
tends to be considered a "commodity", but not its qualities and function as food.
According to the author, it is possible to distinguish between products designed for
disposal as waste (absolute waste), those that find an alternative processing route to
food consumption (relative waste), and those that could be improved for the purpose
for which they were originally shaped, even though they have lost their commercial
value. In fact, food that the market is unable to allocate, or rather "surpluses" are
defined as "surplus" and "unsold" in the transformation and distribution phases, due
to situations such as irregular shapes in products, damage, expiry dates.

Food waste has considerable and varied social, environmental and economic eth-
ics impacts (Eriksson et al. 2017; Principato et al. 2020, 2021; Vandermeersch et al.
2014). The literature is increasingly focusing on the identification and estimation
of the impact of innovative strategies for the valorization of food waste (Arancon
et al. 2013; Thyberg and Tonjes 2016; Venkat 2011), as well as on the identification
of practical and sustainable solutions to be applied on a small and a global scale
(Papargyropoulou et al. 2014). However, all actors in the food chain have a role to
play in preventing and reducing waste: from those who produce and process foods
(farmers, food manufacturers, and processors) to those who make foods available
for consumption (hospitality sector, retailers), and ultimately consumers themselves.
Recent studies of the European Community, conducted between 2014 and 2016,
have shown that the main source of food waste in restaurants are the leftovers of cus-
tomers: what makes the difference is what remains on the plate, which is not eaten at
the table or taken home, and that restaurateurs are forced to throw away (Stenmarck
et al. 2016). Reducing food waste has enormous potential to decrease the resources
we use to produce the food we eat, and has a triple win: (1) it saves food for human
consumption; (2) helps farmers, companies, and consumers to save money; and (3)
lowers the environmental impact of food production and consumption.
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This paper is focused on activities that occur out-of-home, and specifically within
the foodservice industry. It includes full-service providers (e.g. restaurants), cafés/
bars, take-away and delivery, fast food, self-service cafeterias (located in corporate
or school environments), to kiosks and catering services (Euromonitor 2016) and
food waste management practices have not only environmental and social sustain-
ability, but also economic implications. A recent report found that for every $1 res-
taurant invested in programs to reduce kitchen food waste, on average restaurants
saved $7 in operating costs (Champions 123 2019).

Because of the considerable importance of this issue, several studies have begun
to examine the food waste phenomenon during the out-of-home phase by provid-
ing a conceptual framework for determining the actors and behaviors (Evans 2014;
Filimonau and Delysia 2019; Papargyropoulou et al. 2014; Principato 2018; Quested
et al. 2013). In particular, Principato (2018) in her conceptual framework of away-
from-home waste provided a first attempt of the responsible actors and the correct
behaviors that significantly tackle food waste during the out-of-home phase. How-
ever, this framework lacks a specific focus on food wasted during the service phase,
and, most importantly, it does not highlight management strategies to reduce the
phenomenon strategically and consistently.

Indeed, while there is good evidence about food waste quantification in food ser-
vice (for example Betz et al. 2015; Papargyropoulou et al. 2016; Pirani and Arafat
2016), up to now the literature provides few studies on how foodservice profession-
als approach food waste management practices along with the entire foodservice,
and map in an organized way which are the best practices to prevent, reduce and
redistribute it under the EPA Food Recovery Hierarchy (FRH) (Heikkil4 et al. 2016;
Cicatiello et al. 2016). As shown in Fig. 1, FRH prioritizes food waste reduction
strategies compared to redistribution or disposal (EPA 2019). Despite Food Waste

\  Food Recovery Hierarchy

Source Reduction
Reduce the volume of surplus food generated

Feed Hungry People
Donate extra food to food banks, soup kitchens and shelters

Feed Animals
Divert food scraps to animal food

Composting
Create a nutrient-rich
soll amendment
Landfill/
Incineration

Fig. 1 Food recovery hierarchy model. Source: EPA (2019)
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Hierarchy sets out guidance on the preferred methods of dealing with food waste
(e.g. Mourad 2016; Papargyropoulou et al. 2014), the activities and priorities of
frontline workers and department managers are unknown. However, this framework
constitutes a basis for defining the principal mitigation actions to be applied in food
waste management.

In this paper we analyze and investigate the factors that support or impede waste-
ful performance, thus suggesting a map to better explaining restaurant food waste
management for the food service industry, and at the same time provide strategies to
prevent, reduce, and redistribute food waste.

The main research question that this study seeks to answer is:

Which are the approaches that restaurants should take into consideration to
reduce food waste along with different phases of food waste generation?

To ensure that all food waste activities in restaurants could be properly outlined
according to the most relevant thematic literature on this instance, we organized a
map for the foodservice managers called “Restaurant Food Waste Map” (RFWM),
streamlining various areas of the literature on food waste phenomena, and highlight-
ing the main causes of restaurant food waste and the related actors. The theoretical
context applied to describe food waste at the restaurant level was build based on the
knowledge made by the most relevant studies on kitchen food waste, service food
waste, and client food waste (Risku-Norja et al. 2010; Papargyropoulou et al. 2014;
Marthinsen et al. 2012; Heikkila et al. 2016; Sustainable Restaurant Association
2010).

Firstly, we evaluated the key actors accountable for food waste (restaurant manag-
ers/chefs, staff, and restaurant clients); we then analyzed the activities and behaviors
that can significantly reduce food waste at both restaurant and consumers level, how
to reduce or recycle waste following specific procedures, and proposed a conceptual
framework to enhance the relationships that emerged between the variables that lead
to the creation of food waste and mitigation activities for each phase outlined. In
the final section, we highlight the theoretical and managerial contributions of the
study and get recommendations for future research paths. The support to the litera-
ture of this research is twofold: (1) it helps to better understand why and when food
is wasted at the restaurant level; (2) it presents a theoretical framework that explains
the restaurant food waste phenomenon focusing on a business perspective.

2 The restaurant food waste map (FRWP)

The following table (Table 1) introduces the RFWM map, that is aimed to describe
three phases in which the food waste phenomenon occurs: (1) kitchen food prepara-
tion, (2) food service and staff activities, and (3) consumption by clients (Risku-
Norja et al. 2010; Papargyropoulou et al. 2016; Betz et al. 2015; Marthinsen et al.
2012; Pirani and Arafat 2016; Heikkila et al. 2016; Sustainable Restaurant Associa-
tion 2010).

The following paragraphs organize and describe in detail the major activities
organized within the RFWM.
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2.1 Kitchen food waste (KFW)
2.1.1 Description

KFW occurs during the preparation phase for reasons associated with “overproduc-
tion, peeling, cutting, expiration, spoilage, overcooking, etc.” (Papargyropoulou
et al. 2016, p. 4). Thus, the responsibilities linked to the phenomenon lays to the
restaurant or catering manager or the chef for KFW. Moreover, our map not only
considers the food waste reduction behaviors, which characterize the tip of the waste
hierarchy (EPA 2013) but once the phenomenon happens, we should also consider
which would be the best behaviors to reprocess it.

2.1.2 Actors

According to Martin-Rios and Demen-Meier (2018), food waste is mainly produced
in kitchens and back-offices (trimmings and peelings, bones, packaging) or front-
office operations. At that stage, the most important role in the generation and exploi-
tation of wasted food is in the charge of chefs and restaurant managers for activities
performed before the service phase and in the ingredient procurement phase, as well
as in the proper storage of ingredients (WRAP 2015).

2.1.3 Causes

Pre-consumer waste offers opportunities for waste reduction and cost savings (Lean-
Path 2008; Martinez-Sanchez et al. 2016). This seems almost paradoxical since, in
this era of globalization, restaurants are struggling to cut their costs. Restaurants can
do a lot to minimize the potential cost increases by incorporating simple recycling
and waste reduction programs and procedures or considering a better purchase, pre-
pare and present foods considering seasonal use of foodstuffs (Gossling et al. 2011).
Measurement is critical to food waste prevention, as it ensures a clear evidence
base on which to build effective strategies (Collison and Colwill 1985). Tracking
the choice of unpopular dishes might help chefs to consider adjusting the recipe or
removing it from the menu (Martin-Rios and Demen-Meier 2018). In addition, the
presence within the menu of a high number of dishes can lead to confusion in cus-
tomers’ choice of what to choose.

2.1.4 Management strategies

Chefs could create new alternative recipes from the leftover ingredients of offered
dishes that remain in the preparation phase, respecting the hygiene standards. For
example, soups, broths, gravies, and sauces can be made from leftovers, or ruined
fruits and vegetables can be juiced for drinks and sauces. In addition, they may focus
on pre-service preparation based on dish popularity, to minimize the use of products
that may not be required during the service phase.

Restaurant managers are required to coordinate actions across all staff in the pro-
curement of the products, considering also environmental criteria. it is also important
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to provide careful storage (e.g. correct adjustment of refrigeration temperature) for
product shelf life conservation, and working off of accurate inventory management
(Sustainable Restaurant Association 2010), ordering based on historical sales trends
and waste records (WRAP 2015), and based on the seasonality of ingredient availabil-
ity (Kreeger et al. 2018).

Food management improvements could focus on reducing waste by either introduc-
ing process and operational improvements, or introducing new technology, that requires
a low or high degree of new knowledge (Ruiz-Molina et al. 2014). For example, the
application of the Internet of Things technology for improving food waste management
(in collection and transportation of food), requires sophisticated management systems
and involves high-level technical skills.

Once food waste has been generated, for restaurants it can be necessary to under-
stand how to reuse products holistically, usually with the support of third parties
(Mourad 2016). For example, Biova Bread Beer is an Italian startup that works by stim-
ulating the production of goods with zero environmental impact and educating con-
sumers on their use. Biova defines itself as a movement, in which anyone can partici-
pate in multiple forms. Excess bread is recovered from or to bakeries; it is taken to the
nearest brewery among those that join the movement; and it is returned, in the form of
beer. Biova has adopted a logic of co-branding of the product that leads to a win—win
relationship with its suppliers which become partners for distribution. In 2020, thanks
to the project, a ton of bread were recovered, and for every 150 kilos, 2500 L of Bread
Beer are created, 1365 kilos of CO, are saved (www.biovaproject.com).

2.2 Service food waste (SFW)
2.2.1 Description

Service food waste is defined as food discarded by staff within the control of the food-
service operator. It could also consist of waste related to the front of the counter, such
as salad bars, steam wells, or miss-ordered products (i.e. waiter/waitress mistakenly
noted).

Large producers of waste during the service phase are the buffets, which usually
involve the preparation of a large amount of food compared to what is needed, as it is
not always possible to reuse or donate most of the products that are put on the tables
due to health and hygiene restrictions (Eriksson et al. 2017). Catering services gener-
ate a considerable daily cost that can lead to a loss of economic profitability as well
as sustainable impact. One of the most important costs concerns food leftovers that
are directly thrown away without considering the expense incurred for the purchase of
raw materials and the realization of the finished product (Chou et al. 2012; Curtis et al.
2016).

2.2.2 Actors

At this stage, chefs, restaurant managers, waiters, and all staff need to be more aware
of how they can change their habits to achieve waste reduction targets. This also
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includes encouraging clients to take part in the initiative by ordering dishes smartly
and conscientiously and making clients aware of the amount of food thrown away
from the meals served.

2.2.3 Causes

Key aspects that emerged from previous studies in working on food waste manage-
ment during dining is the preparation of the staff through sustainability programmes.
For example, the lack of staff training could cause the preparation of large meals, or
limited awareness about food waste procedures. However, for a sustainability pro-
gramme to thrive, top managers should reward individuals who demonstrate their
level of commitment to the company’s policies (Demen Meier et al. 2015).

2.2.4 Management strategies

Sustainability education and training for staff could be used as a mechanism to
achieve a comprehensive use of environmental resources. Better training of staff will
then become an added value in educating clients to order carefully to avoid leftovers
and offering different portion sizes or a doggy bag to clients to take leftovers home
(Sustainable Restaurant Association 2010; WRAP 2015), also indicating the most
accurate information about the calories for each meal and the portions, in order to be
able to prevent possible waste during the consumption phase.

When restaurants have excess food, due to the mistake in forecasting or in the
impossibility to predict the number of guests, this can be discounted and sold
through the dedicated food rescue apps, such as the Too Good to Go, or via the
digital food distribution platforms, such as Deliveroo and/or UberEats (de Almeida
Oroski 2020). In particular, To Good To Go is a service aimed at supporting con-
sumers to buy unsold (but still good) food products from coffee bars, restaurants and
supermarkets that would otherwise be forced to throw away at the end of the day.
For vendors and customers, membership is free and with no obligations, except for
a percentage that the app retains from individual transactions (https://toogoodtogo.
com).

Similarly, Bring the Food is a startup that allows facilitating the meeting between
small food companies that have surpluses to dispose of and entities or organizations
that can use them for voluntary organizations such as soup kitchens. Within this
platform companies (e.g. supermarket or fruit and vegetable store) publish their food
surplus, making it visible to charitable structures. The constraint for the user is to
book at least one day in advance for their order, ensuring that the restaurant can bet-
ter manage the supply of raw materials and limit surpluses, with economic advan-
tage for its business (and for all the actors in the chain, starting with the producer)
and to avoid food waste. In 2020, the service allowed the recovery and distribution
of more than 3 million servings of food to people in need (https://bringfood.org/).

All these food waste management activities can be supported by consumer aware-
ness campaigns carried out directly by foodservice operators, allowing consumer
preferences in the long-term (Filimonau et al. 2020). It is also recommended that
those in charge of a catering service properly manage the menu of the dishes they
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will offer. Basing the dishes on the menu on foods that are seasonal and therefore
cheaper, is a good option to save money in purchasing raw materials. In addition,
keeping the list of dishes served in the same period allows to have a rough idea on
what should be the expense forecast.

2.3 Clients consumption food waste (CFW)
2.3.1 Description

Client Food Waste (CFW) is the food scraps left on client’s plates or more precisely
“food wasted by customers after being served” (Papargyropoulou et al. 2016, p. 4).
One of the main reasons for client leftovers is the large portions served in restau-
rants (Pinto et al. 2018; Sustainable Restaurant Association 2010; WRAP 2015).

2.3.2 Actors

In this phase, chefs need to serve reasonably sized portions that fit the client’s needs.
This fact is confirmed by a recent study conducted on CFW in the UK, in which
40% of the clients interviewed stated that the customization of portion sizes, a larger
variety of available portion sizes and prices could enable restaurants to reduce food
waste and offer clients the possibility of eating smaller portions for a minor cost
(WRAP 2015).

At the same time, staff and restaurant managers must be able to suggest the best
types of dishes according to the customer’s needs, giving as much information as
possible about the composition of the dishes and the combinations to suggest (Ver-
cammen et al. 2020).

2.3.3 Causes

According to some studies (Jun and Min 2000; Gaiani et al. 2018), a reason that
leads people to leave leftovers is the presence of additional food, such as bread,
crackers, and breadsticks, which are consumed while waiting for the main dishes.
Another factor that leads to the creation of food leftovers, is the lack of description
of the information on the calories and quantities shown in the menus, as well as the
ingredients contained in the plates (Krieger et al. 2013; Block et al. 2013).

2.3.4 Management strategies

Client food waste can be reduced through better portioning standards and awareness
programs, such as leftover catering would be considered as the post-consumer waste
if it has not been received by an individual customer during the service (Eriksson
et al. 2017). Alternatively, restaurants can offer various portion sizes in order to
choose the desired size (Betz et al. 2015). Moreover, in some cases restaurants can
encourage the consumer to avoid leftovers charging clients by the weight of the food
they order, rather than per portion (Kallbekken and Saelen 2013).
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Furthermore, an increase in the adoption of doggy bags could help to reduce this
type of food waste (Sustainable Restaurant Association 2010; WRAP 2015). The
contemporary doggy bag contains portions of lunch or dinner not consumed, which
the customer can comfortably recycle at home. In this way, a restaurant can avoid
throwing away huge quantities of cooked food and at the same time, the customer
can have a ready-made meal. For both parties, this is a considerable saving and
avoids waste. In some European countries and in the USA, doggy bags are widely
accepted at all social levels, while in southern European countries are not common
practices yet. For example, a recent research in Italy showed that about 90% of Ital-
ians indicate that restaurants waste a large amount of food, 41% are embarrassed to
ask for a doggy bag (Last Minute Market, SWG 2016). Other studies revealed that
only 36% of Italians have taken leftovers home from restaurants at least once, while
22% think that asking for a doggy bag is a sign of bad manners (Coldiretti 2017,
similar results were found by Sirieix et al. 2017). Using these solutions sustainable
restaurants can influence diner behavior as a second-order construct of participation
in waste reduction practices, and as a result enhance customer loyalty (Kim and Hall
2020).

3 Discussion

By carrying out a thematic literature review on food waste at the restaurant level and
thus proposing a map called the Restaurant Food Waste Map (RFWM), we gained
valuable literature knowledge and insights on a specific stream of research—which
has been little considered until now- that is, out-of-home food waste.

RFWM was designed to describe the phases in which the food waste phenom-
enon occurs, and to identify main activities of food waste generation processes.

The factors that restaurants should take into consideration in the service phase
are: (1) the change of menu planning, hold regular training session and the correct
indication of the doses and quantities of the ingredients in the dishes; (2) the crea-
tion of manuals with well-defined waste management procedures; (3) the offer of
doggy bags to clients. These considerations are in line with the results of other stud-
ies, according to which technological solutions include the introduction or change
of technologies and/or things that look for change the behaviors around food waste
(Devaney and Davis 2017; Ganglbauer et al. 2013; Lazell 2016; Lim et al. 2017,
Wansink and van Ittersum. 2013; Williamson et al. 2016; Young et al. 2017). These
involved changes to plate or portion sizes (Williamson et al. 2016). The major sig-
nalized waste reduction (57%) was due to changing to smaller plate sizes (Wansink
and van Ittersum 2013); other studies have reported that, a reduction in plate size,
cause a 19% reduction in food waste (Kallbekken and Selen 2013). The abundance
of portions and the combinations of ingredients that consumers dislike is the most
important fraction of the losses in the catering sector (Demen Meier et al. 2015).

Client food surplus can be reduced through: (1) check of the information on the
calories and quantities shown in the menus when choosing meals; (2) avoid leftovers
by ordering smaller portion sizes; (3) Doggy bag adoption. These approaches are
consistent with Reynolds et al. (2019), according to which a solution to prevent and
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reduce clients food waste could be encourage them to order portions that are in line
with how hungry they are (Jagau et al. 2017), or to take smaller portions at a buffet
and return to take them if you want more (Kallbekken and Salen 2013). This type
of measure, as relatively simple and cheap, could be combined with other measures,
such as establishing a lower price for a smaller portion (Reynolds et al. 2019). Con-
cerning the approaches to food waste management, doggy bags are a concrete solu-
tion to reduce out-of-home waste. In fact, it has been observed that the people who
are more likely to waste more food out-of- home than at home are those who are
unaware of the doggy bags used (Principato et al. 2017).

However, sustainability commitment requires a medium-long time to be imple-
mented and to be seen as holistic: restaurants have to pay attention to every point of
the culinary chain, from direct farmer relationships to reusing all their organic waste
and recycling any non-biodegradable waste that is generated. Covid-19 has thrown
long-term plans. The pandemic has had a disproportionate impact on food supplies
and food waste (Principato et al. 2020), and in particular in the restaurant industry,
due to shutdowns in most of the sector. The expectations generated during the lock-
down period regarding the importance of a different model of development based
on the principles of social and environmental sustainability that could mature at all
levels and seem to be wavering.

Moreover, some individuals’ concerns like the food safety and contamination
issues surrounding Covid-19 have already compelled many food businesses to revert
to single-use plastic packaging. Nevertheless, we believe that zero-waste restaurants
may be well-positioned to remain viable. Their sheer cost-effectiveness, along with
carefully nurtured supply chains and a committed culture may actually make them
more robust in the face of financial stress.

After clarifying the approaches of the food waste phenomenon, our paper pro-
poses valuable suggestions that can significantly reduce food waste at the restaurant
level, such as re-use edible food for making other recipes, offering different por-
tion sizes, and creating manuals with well-defined waste management procedures.
According to their specific roles, consumers, companies, and institutions should take
synergic action. Because restaurants can reduce food waste along their entire supply
chain, from supplier to consumer, there is an enormous opportunity. Restaurant food
waste can be roughly divided into two major groups: the one that left before con-
suming food (prevention and reduction) and the one that left after consumers finish
dining (reuse) (Cicatiello et al. 2019). For example, a food waste preventive assess-
ment could help restaurants to collect information on how much garbage or leftover
food they create and what is the quantity of waste, also in Ho.re.ca. (Arvanitoyannis
2010; Secondi et al. 2019a; Vizzoto et al. 2020), that can be reduced through the
practice of waste management, recycling, reuse, and redistribution.

If the restaurant is not able to predict demand forecasting in the best possible way,
an over-production of meals is generated, which leads to the majority of food waste
(Filimonau et al. 2020). Managers could provide training courses to kitchen staff to
make better use of raw materials, and to support the creation of menus with excess
food ingredients. Also, chefs could prepare portions that fit customer expectations
(Betz et al. 2015) and that better reflect the ways to avoid waste due to aesthetics
reasons (Charlebois et al. 2016).
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In the Kitchen Food Waste phase, the factors that restaurants should consider
in order to avoid food surplus are: (1) the comparison between food purchase and
quantity of garbage and the consideration of the seasonality of food production in
relation to the availability of it; (2) the excessive size of the portions of food served
and the focus of training staff; (3) the scarce diffusion of the practices that allowed
customers to bring home the leftovers or the support on donation activities for sur-
plus food.

To avoid food waste due to expired or spoiled food, restaurants could improve the
monitoring of food inventory and stock: the practices of FIFO (First In First Out) and
FEFO (First Expired First Out) are suggested practices in controlling the inventory
in restaurants since the stock is rotated frequently, and close-to-date stock can be
used first before they expire (Ahrens and Chapman 2002a, b). Furthermore, know-
ing the inventory on a daily basis allows chefs to place suitable menus and have bet-
ter control of possible spoilage. Finally, restaurants could leverage relationships with
food banks to donate leftover food. Food banks are organizations that collect and
save the food in warehouses in order to distribute to hungry families and individuals
(Schneider 2013). Digital tools could support these issues. According to the recent
literature, food sharing models and digital solutions, such as web platforms and food
sharing apps, seem to be promising tools for diminishing the food waste phenom-
enon, and especially food waste produced when eating out, with the main aim of
redistributing surplus food with different methods and formulas (see Michelini et al.
2018; Harvey et al. 2020; Secondi et al. 2019a). Recently numerous applications and
online platforms have simplified the food donation procedure, helping to improve
donation activities (Schneider 2013). Moreover, digitalization and sharing economy
makes it possible to find interesting solutions that allow food waste to be prevented
and minimized from both business and client perspective (Michelini et al. 2018).

Furthermore, for restaurants it is helpful to have a point person accountable for
food waste reduction who can oversee all aspects of waste reduction—prevention,
reduction, and recycling—and take responsibility for engaging internal staff, con-
sumers, and external stakeholders. The engagement of consumers is also fundamen-
tal. This paper suggests some practical approaches to active customer engagement
in the mitigation of restaurant food waste, such as checking the information on the
quantities shown in the menus, ordering smaller portion sizes, and adopting doggy
bags.

Activities such as giving better information (Manomaivibool et al. 2016) or mod-
ification of the type and size of the plate (Lazell 2016; Wansink and van Ittersum
2013; Williamson et al. 2016), portion size, or the structure of the menu (Cohen
et al. 2014; Martins et al. 2016; Schwartz et al. 2015), all could contribute to reduc-
ing service food waste. A similar solution is described by Secondi et al. (2019a),
according to which to reduce leftovers on the plate, restaurateurs could offer a
choice of small, medium, and large portions for the same dish at different prices,
while the use of food apps, in order to recover any food surpluses, would allow to
"re-circulate" still good and uneaten food and, at the same time, could provide an
additional profit to the restaurateurs. (Secondi et al. 2019a).

Correct information on how to collect and redistribute surplus food can help
strengthen the virtuous mechanism activated by those (hotels, catering companies,
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and event organization agencies) that already choose to allocate the food that
remains after a buffet, or lunch to those who cannot afford to buy it. Another very
important aspect to be considered in the development of a culture oriented towards
the circular economy through training interventions to encourage the development
and acquisition of dedicated skills; as well as working on tax relief on circular econ-
omy interventions, such as the reduction of VAT on eco-design products, or a tax
deduction to be modulated according to the interventions made and the number of
companies involved in the food waste recovery (Nérvinen et al. 2020).

In line with this, recently, the EU promoted an alternative economic growth based
on a cyclical flow process that ensures a more sustainable development, the Circu-
lar Economy (CE) model (MacArthur 2015; CIRAIG 2015; Ruggieri et al. 2016).
According to this model, food waste can be recycled, reused, and redistributed using
a closed-loop perspective, instead of the old linear input—output process and could
have a second life by using them as secondary raw materials and energy (Secondi
et al. 2019b). Moreover, because some type of food waste is unavoidable, waste
management should not only put attention to waste prevention but also considering
actions to reuse and/or recycle it to make renewable energy (Valenti et al. 2017).

In fact, recovering and redistributing surplus food for social purposes promotes
the transition to a circular economy because it makes collaboration between different
actors in the food supply chain more efficient. Innovative business models that apply
this strategy to prevent food waste include the recovery and redistribution of sur-
plus food for social purposes (Franceschelli et al. 2018). To date, the best possible
destination of food surpluses, which ensures the highest use-value of food resources
suitable for consumption, is their redistribution for human consumption. The dona-
tion of food not only helps to reduce food poverty but can also become an effective
lever to reduce food surpluses that are used for industrial uses or destined for landfill
treatment as waste. However, although redistribution of surplus food is a growing
phenomenon, and there is a willingness on the part of food producers and retailers to
donate surplus food to food banks and charities, redistributed products still represent
a modest share of the total edible surplus food available (Tarasuk and Eakin 2005).

The purpose of this set of measures could lead to the development of so-called
zero-waste restaurants. A zero-waste restaurant is a restaurant that does not produce
any trash or food waste and applies procedures in order to minimize its carbon foot-
print on the world and embrace a completely eco-friendly ethos (Principato 2018;
Hottle et al. 2015; Hyde et al. 2001). The zero-waste model is a growing trend, but
in Italy, it is struggling to establish. In this country, in fact, a traditionalist vision of
the restaurant still prevails, based on scarce managerial and organizational knowl-
edge, which resists changes and has and has limited understanding of digital (FIPE
2019). The Italian State has tried to take a further step forward for a zero-waste pol-
icy with the Gadda Law (166/2016), which, instead of being based on the princi-
ple of obligation, provides for bureaucratic simplifications, tax relief, and bonuses
to better manage food surpluses. Really putting into practice zero waste work, in
a system that encourages and enhances good practices and collaboration between
stakeholders.

The Gadda Law, having clarified, harmonized, and simplified the regulatory
framework of this issue, provides greater incentive for companies, supermarkets,
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commercial businesses, and restaurateurs to donate excess food, allowing all non-
profit organizations to recover even more food. The law has also widened the
range of subjects with a social purpose who can benefit from food to support peo-
ple in need. Another positive impact of the Gadda law is that makes all stakehold-
ers responsible, involving them in a virtuous process that is good first of all for the
companies themselves, avoiding the use of sanctions. The law also introduces the
possibility for municipalities to reduce the waste tax for companies that document
donation; and has removed the obstacles companies and voluntary associations
encountered in the recovery of surplus food, often caused by ignorance or incorrect
communication.

4 Concluding remarks

This paper proposes a map for investigating food waste in the foodservice sec-
tor. The distinction in our RFWM map between food waste generated in kitchens
(KFW), during service (SFW), and in clients ‘consumption (CFW) enabled us to
highlight the factors and characteristics associated with food waste in the restaurant
sector. From this standpoint, the exploratory nature of the study may allow us to
effectively frame the research question and suggest researchers on conducting fur-
ther studies on this topic, as well as restaurant managers and policymakers. Fur-
thermore, we emphasize the importance of identifying the stages of food waste pro-
duction in order to recognize specific factors related to each stage. In particular, an
empirical study could be conducted in future research in order to measure how much
the implementation of prevention, reduction and reuse practices identified along the
stages within the map can support the sustainability commitment of restaurants over
time.

With little adjustments, this model could easily fit with other home services set-
tings, like catering service, and hospital/worksite/school canteens. In particular, the
service food waste phase is the one that could potentially overlap with kitchen food
waste, depending on the type of catering offered in the restaurant/food service. For
instance, if the catering is mainly conceived as a counter service, the service phase
could easily be removed from the map and be absorbed by the kitchen food waste
phase. Similarly, some mitigation strategies can be taken at different levels. Indeed,
“change menu in order to minimize the number of leftovers” could be either taken at
the kitchen or service level.

The paper has some limitations, especially concerning the scope of analysis of
the proposed map. A comprehensive view of the overall restaurant sector is difficult
to obtain because it consists of numerous sub-sectors with specific operational and
organizational issues that can affect food waste (Christ and Burritt 2017). Further-
more, it is nevertheless important to say that the different influences and incorrect
behavior described in the model could not be seen as exhaustive. Yet, researchers
are encouraged to fill the map with other factors and influences that impact wasteful
behavior. This is due to the fact that some activities on the practical side are difficult
to carry out for various reasons, above all the infrastructural limits of restaurants, as
well as a lack of basic concern for sustainability throughout the entire sector.
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