
Citation: Ribeiro, M.; Morais, H.;

Pereira, L. Crafting Taxonomies for

Understanding Power Consumption

in Industrial Kitchens: A

Methodological Framework and

Real-World Application. Sustainability

2024, 16, 7639. https://doi.org/

10.3390/su16177639

Academic Editors: Jack Barkenbus

and Ocktaeck Lim

Received: 23 June 2024

Revised: 6 August 2024

Accepted: 30 August 2024

Published: 3 September 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Crafting Taxonomies for Understanding Power Consumption in
Industrial Kitchens: A Methodological Framework and
Real-World Application
Miriam Ribeiro 1,†, Hugo Morais 1,2 and Lucas Pereira 1,3,*

1 Instituto Superior Técnico—IST, Universidade de Lisboa, 1049-001 Lisboa, Portugal;
miriam.ribeiro@usp.br (M.R.); hugo.morais@tecnico.ulisboa.pt (H.M.)

2 INESC-ID—Instituto de Engenharia de Sistemas e Computadores-Investigacão e Desenvolvimento,
1049-001 Lisboa, Portugal

3 ITI/LARSyS—Interactive Technologies Institute, 1900-319 Lisboa, Portugal
* Correspondence: lucas.pereira@tecnico.ulisboa.pt
† Current address: MasterCard, São Paulo 04730-090, Brazil.

Abstract: Although industrial kitchens consume significantly more energy than other commercial
buildings and represent an important opportunity for sustainable energy systems, researchers have
largely overlooked energy efficiency in these spaces. One of the main challenges is the diversity of
kitchen configurations, complicating the characterization and generalization of research findings,
including establishing a standardized methodology for assessing and benchmarking energy demand.
To address this research gap, this paper proposes a methodological framework to develop taxonomies
for understanding the electricity consumption in industrial kitchens. The proposed framework was
developed following an extensive survey of the existing literature, and it is based on four main
steps: identification of the knowledge domain, extraction of terms and concepts, data collection,
and information analysis. To demonstrate the proposed framework, a case study was developed
involving the participation of 50 restaurants located in Portugal. The proposed framework proved
valid as it enabled the construction of a taxonomy that allows the classification of industrial kitchens
according to different energy consumption-related concepts, such as costs with energy, the physical
size of the kitchen, and the number of workers.

Keywords: taxonomy; industrial kitchen; restaurant; electricity consumption; classification; clustering

1. Introduction

Despite consuming large amounts of energy (five to seven times more per square
meter than other commercial buildings [1]) and representing a multi-billion industry (set to
reach USD 4651.03 billion by 2027 [2]), energy efficiency in Industrial Kitchens (IKs) has not
been on the agenda of the research community [3]. A significant challenge reported by the
few researchers in this area (e.g., [4–6]) is the diversity of restaurants and IK configurations,
which makes it challenging to characterize the different IKs and, with that, generalize
research findings.

A very good example of such challenges is the difficulty in defining a widely ac-
cepted methodology to assess and benchmark IKs in terms of energy demand [6,7]. For
example, the Chartered Institution of Building Services Engineers suggests normalizing
energy consumption with meals served or the kitchen area. Yet, recent studies show that
energy use per pound turnover is more reliable, hence the most appropriate benchmark
indicator for commercial kitchens [6]. Other good examples are the IK studies that focus on
implementing lean strategies, inventory management, implementation of the supply chain,
or customer satisfaction improvement [8,9], which are all very challenging to generalize
and replicate due to the wide differences across IK configurations.
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In this context, the definition of a taxonomy for IKs would provide a standardized
and detailed framework for consistent data collection across key categories such as energy
consumption, water usage, and waste production. By breaking down data into specific
attributes like available equipment, operational practices, and time-space consideration,
the taxonomy enables precise benchmarks against internal targets (i.e., within an IK) or
industry standards (i.e., across IKs) and sharing best practices within and between kitchens
to foster industry-wide advancements in energy efficiency and sustainable operations.

Taxonomies are crucial in automated information creation, extensively studied in
Information Science, and used to structure information [10]. Terra defines taxonomy as
“(. . .) a controlled vocabulary of a certain area of knowledge, and above all an instrument or
element of structure that allows to allocate, retrieve and communicate information within
a system, in a logical way“ [11]. Additionally, taxonomies provide a structured way to
classify items through hierarchical groups, facilitating identification, study, or location [12].
This classification groups similar items based on pre-established criteria, ensuring that each
group shares at least one characteristic not found in other groups [13].

Taxonomies have been proposed in many domains besides biology [14], including
the fields of information and communication technology [11,15]. However, to the best
of our knowledge, it is not possible to find a systematic process to develop taxonomies
independently of the application domain. Consequently, to define a taxonomy for IKs, it
is first necessary to establish a modeling framework. In this sense, this paper makes the
following original research contributions:

1. Proposes a new methodological framework to develop taxonomies for IKs, leveraging
the main findings from a comprehensive survey of the background and state of the
art concerning the definition and development of taxonomies in different domains.
The proposed framework leverages concepts from corporate and faceted taxonomies.
The former offers multiple entry points and dimensions (facets) to be analyzed. In
contrast, the latter provides a structured and standardized vocabulary specific to the
organization’s business context, ensuring consistency and relevance of the facets.

2. Demonstrates the proposed methodology through a case study that uses data col-
lected from 50 restaurants in Portugal. This case study evaluates the effectiveness of
the proposed methodology. It provides some insights into the organizational (e.g.,
size, number of workers) and energy-related aspects (e.g., predominant appliances
and costs with electricity) of the Portuguese industrial kitchen sector in light of the
developed taxonomy.

The remainder of this paper is organized as follows. The background and state of the
art on taxonomies are presented in Section 2. Section 3 presents the proposed methodology
for developing taxonomies. A case study is developed in Section 4, presenting the tools
used and the results obtained. The paper concludes in Section 5 with a discussion of the
main findings and limitations and an outline of possibilities for future work.

2. Background and Related Works

To the best of the authors’ knowledge, there is no systematized set of consolidated
knowledge on the taxonomy of restaurants or any other similar subject. Thus, a thorough
study and analysis of existing concepts in the literature on taxonomy was carried out.

2.1. Types of Taxonomies

Taxonomies can be classified according to their elaboration process: A faceted tax-
onomy divides the classification space into independent facets [16], where a facet is a
specific classification category or criterion. A multidimensional taxonomy considers several
dimensions [17], where a dimension corresponds to a particular aspect of the items under
consideration. Unlike the faceted taxonomy, the dimensions may not be independent and
may have more complex relationships. A subject taxonomy classifies the subjects based on
concepts and themes. Finally, a relational taxonomy focuses on the relationships between
items [18].
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Likewise, taxonomies can also be classified according to their organizational use:
corporate taxonomy is used to organize resources and information within an organiza-
tion [19]; data management taxonomy focuses on organizing data in management systems;
functional taxonomy categorizes information based on business functions; business taxon-
omy organizes information according to business activities and areas; finally, navigational
taxonomy is used to facilitate navigation and location of information in digital systems [20].

Lastly, a taxonomy can also be classified according to its origin: Aristotelian taxonomy
is an old approach based on observing the visible characteristics of living things, while
scientific taxonomy is a modern, science-based approach that uses various information to
classify organisms. Classical taxonomy can refer to both Linnaean taxonomy and a tradi-
tional approach based on morphological characteristics. On the other hand, plant taxonomy
is a specific branch dedicated to classifying plants according to the rules established by the
International Code of Botanical Nomenclature [20].

2.2. Modeling Taxonomies

There are several methods for modeling a taxonomy. The deductive reasoning method,
for example, requires that the context of the taxonomy be considered first and only then
its elements and relationships [21]. Thus, it is necessary to (1) understand the context and
objectives, (2) identify the categories that represent the key aspects of the domain, and
(3) establish hierarchies between the categories and their relationships.

Another method is based on Ranganathan’s Theory of Faceted Classification (1967),
the pillar of faceted taxonomies. This method allows the modeler to start by identifying the
broader subject and, subsequently, the more restricted information [22]. Faceted taxonomy
differs from traditional classification methods due to its flexibility in the use of facets:
in traditional classifications, facets are stuck in rigid and enumerative tables, whereas in
faceted classifications they gain freedom from relationships between terms and subjects [23].
In this method, some of the procedures adopted are the following: (1) identification of the
purpose and target audience, (2) definition of the language used and the level of specificity
of the subjects, (3) establishment of hierarchical relationships, (4) ordering and grouping
subjects and survey of facets giving rise to sub-facets, and (5) structure validation and
adjustment, if necessary.

Thesaurus development is another methodology that provides some principles for
grouping concepts of the same nature into facets through the following steps: (1) establish-
ment of general categories; (2) collection of terms; (3) analysis of selected terms; (4) control
of the diversity of meaning; and (5) construction of semantic relationships [24].

Finally, there is also corporate taxonomy, based on the model for building corporate
taxonomies by Aganette [25]. This method consists of 11 steps: (1) definition of the
knowledge domain, (2) analysis of collected information, (3) collection of terms, (4) analysis
of collected terms, (5) establishment of general taxonomy categories, (6) construction of
semantic relationships, (7) taxonomy validation, (8) definition of the taxonomy mode of
presentation, (9) definition of supporting technologies, (10) taxonomy publication, and
(11) taxonomy management.

2.3. Related Works on Taxonomy Definition

While it was not possible to find any literature related to the definition of taxonomies
for IKs, there are works developed for other domains, including biology [14], pedagogy [26],
technology [11], management [27], development of product [23], information and commu-
nication technology [15], distributed storage technologies [28], and machine learning [29].

For example, in [27], Rohrich and Cunha proposed a taxonomy to analyze Environ-
mental Management in industrial organizations, analyzing the profile of industrial orga-
nizations about product and process technologies about the environmental management
standard adopted. For this, a cluster analysis was carried out that divided 37 companies
into three groups, assembled in increasing order of concern and effective action concerning
the environment. This analysis made it possible to understand the different behaviors of
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the companies in terms of management policies, applied resources, and environmental
management control instruments.

Batista [13], on the other hand, developed a faceted taxonomy for requirement elici-
tation techniques so that the techniques were classified according to a list of parameters,
or facets, that can help developers choose the ones used in elicitation. The relevance of
the taxonomy in this work was mainly due to the difficulty of discovering what a user
needs when developing software. From the facets, terms were created, ordered by their
interrelationship, i.e., their conceptual proximity.

The surveyed related works are summarized in Table 1.

Table 1. Studies related to taxonomy, analyzed in the literature review stage.

Title Year Summary

A Faceted Taxonomy for Requirement
Elicitation Techniques [13]

2003 Propose a taxonomy for the techniques used in the
requirements elicitation phase through a faceted
classification scheme.

The Proposition of a Taxonomy for the
Analysis of Environmental Management in
Brazil [27]

2004 Propose a taxonomy to analyze Environmental
Management in industrial organizations with a formalized
environmental management system and analyze the
profile of industrial organizations regarding product and
process technologies in relation to the adopted
environmental management standard.

Taxonomy: a fundamental element for
Knowledge Management [11]

2005 Introduce different types of taxonomy as well as their
development. The study focuses on Knowledge
Management, so numerous IT tools are presented.

Constitutive elements of the taxonomy
concept [30]

2010 Search in the literature, in different areas of knowledge, the
semantic understanding of the term taxonomy, in addition
to identifying and analyzing different definitions of
taxonomy.

The taxonomy as classificatory structure: an
application in the domains of interdisciplinary
knowledge [14]

2010 Present the method used in structuring the taxonomy of
Environmental Geochemistry. Demonstrate the steps for
modeling domains, based on the Theory of Faceted
Classification and on the principles of the Theory of
Integrative Levels, pointing to the conceptual map as a
graphical form of representation.

Bloom’s taxonomy and its adequacy to define
instructional objective in order to obtain
excellence in teaching [26]

2010 Present Bloom’s Taxonomy and the changes that have
occurred in recent years, as well as clarify how it can be
used within the context of engineering teaching.

Taxonomy for creative techniques applied to
the design process [23]

2011 Classify the creative techniques used in the process of
product development through a faceted taxonomy.

Methodology for construction of faceted
corporate taxonomies [15]

2021 Systematize the procedures for building corporate
taxonomies, to reframe and characterize them as faceted.

A taxonomy for Blockchain-based distributed
storage technologies [28]

2021 Propose a categorization and taxonomy of
blockchain-based distributed storage technologies.

Lexicon annotation in sentiment analysis for
dialectal Arabic: Systematic review of current
trends and future directions [29]

2023 Present a taxonomy of data annotation methods in
sentiment analysis for dialectal Arabic research.

2.4. Summary

In the papers analyzed, there is a lack of papers related to IKs or in the energy domain.
In addition, this review reveals that the content on taxonomy available in the literature is not
very systematic since it has several classifications (related to its elaboration, organizational
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use and origin); it is used in many areas of knowledge (biology, pedagogy, technology,
management, product development, information and communication technology) and can
be built using different methods (Deductive Reasoning Method, Ranganathan’s Faceted
Classification Theory, Thesaurus Elaboration, Corporate Taxonomy). Figure 1 shows a
diagram that organizes various taxonomy-related classifications.

Taxonomy

Classified
according to

Modeled
according to

Elaboration OriginOrganisational
Use

Descriptive Faceted Multidimensional Subject Relational

Corporate Data
Management Functional Business Navigational

Aristotelian Scientific Classical Plant

Deductive
Reasoning

Faceted
Classification

Thesaurus
Development

Corporate
Taxonomy

Figure 1. Different taxonomy-related classification strategies.

The deductive reasoning method emphasizes the abstract understanding of the do-
main before considering specific elements. Faceted Classification Theory, on the other hand,
emphasizes flexibility in using facets to represent information. Thesaurus Development
emphasizes semantic organization and control of related terms. Finally, Corporate Taxon-
omy emphasizes the organization of information. To conclude, the differences between
taxonomy methods are related to the focus, approach, scope, objective, and context adopted.

Since this work aimed to classify restaurant kitchens by power consumption, group-
ing similar concepts that enable the coordination of IK-related issues at different levels,
concepts from the faceted taxonomy were mainly used. In addition, concepts from the
corporate taxonomy were also used extensively due to the organization of the resources
and information that were collected from restaurants in Portugal. Ultimately, combining
faceted taxonomy with corporate taxonomy creates a more powerful and flexible system
for managing and retrieving information related to IKs. More precisely, this integrated
approach enhances search and navigation by providing a structured and standardized
vocabulary specific to the organization’s business context (corporate taxonomy), ensuring
consistency while allowing detailed filtering and discovery (faceted taxonomy). The com-
bined taxonomy also offers greater flexibility and scalability, adapting to new attributes and
dimensions that can be found, for example, different resources (e.g., water consumption)
and legislation available in different countries.

3. Methodological Framework

In the face of the lack of a widely accepted methodology to develop taxonomies, it
was necessary to establish a methodology for the concrete case of IKs. To state the objective
more precisely, since the primary goal of this research was to classify IKs by grouping
similar concepts that allow the coordination of IKs-related challenges at different levels,
concepts from the faceted taxonomy were mainly employed. Furthermore, due to the
inherent corporate organization of such spaces, it was also necessary to employ concepts
from the corporate taxonomy.

After analyzing the procedures adopted by several authors, the methodology depicted
in Figure 2 was elaborated, leveraging aspects from the faceted and corporate taxonomies.
More precisely, the proposed methodological framework to define taxonomies follows the
four steps detailed next: the definition of the knowledge domain, the definition of terms
and concepts, data collection, and data analysis.
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Taxonomy 
elaboration 

stages

1. Definition of
knowledge domain

3. Data collection 4. Information
analysis

2. Definition of
terms and concepts

Identification of
purpose and target 

audience.

Collection of data 
necessary for the
construction of the

taxonomy.

Establishment of
categories and

organization of the
hierarchical
structure.

Extraction of terms
and concepts that
will compose the

taxonomy.

Figure 2. Four stages of the proposed methodology for taxonomy development.

3.1. Stage 1: Definition of Knowledge Domain

In the taxonomy elaboration, it is essential to set the stage in which the environment
where the taxonomy is implemented so that the abstraction mechanisms are elaborated
to think first in the context, independent of the elements and their relationships. In this
regard, the proposed methodology applies the Faceted Classification Theory, requiring the
specification of the taxonomy’s purpose and the target audience [31].

3.2. Stage 2: Definition of Terms and Concepts

Some of the characteristics of a taxonomy are the following: (a) the existence of a
structured list of terms, (b) hierarchically organized terms, and (c) enabling the navigation
through structured terms [32]. Thus, this step in elaborating the taxonomy is the basis of its
structure and consists of extracting the terms and concepts that are organized into hierar-
chical categories, starting from a more general subject to a more specific one. According
to Ramsden, as the terms need to make sense to the group of users who use them, the
specialized literature validates the selected terms [24]. Therefore, some suggested activities
for collecting terms and concepts involve using an existing taxonomy and searching for
information in the related literature [15].

3.3. Stage 3: Data Collection

In the literature, there is little information regarding how terms are collected, and
the information regarding this step is superficially described [24]. However, conducting
interviews with users and experts on the subject [15] and consulting the related literature is
suggested. The work by Vital, for example, uses the content analysis technique for data
collection [24]. The work by Batista [13], in turn, raises the question of the cost of data
collection, especially in the case of interviews, which require considerable preparation from
the interviewer. Finally, Viana [15] indicates two ways of collecting terms and concepts:
manual (intellectual) and automatic. The manual one occurs with the reading of existing
documents in the literature, and the automatic one occurs with the submission of a textual
file in software for the automatic identification of candidate terms.
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3.4. Stage 4: Information Analysis

After establishing the categories and collecting the data, the information is analyzed
to organize the data hierarchically.

In a faceted taxonomy, for example, the terms are grouped in a structured way, identi-
fying the facets of a subject, that is, the different aspects contained in it. Thus, facet analysis
coordinates concepts such that a subject can be represented by synthesizing more than
one facet, each indicating different concepts [15]. In this way, the facets (or categories)
and subfacets of the taxonomy in question can be organized and related in a conceptual
map [14].

In a conceptual map, the similarities and differences between the facets and subfacets
of the taxonomy are explicit through their hierarchical relationships. Thus, in the relation-
ship construction step, relationships are established between the defined terms to carry out
the grouping of terms.

In the literature, there are several ways to analyze the information for the construction
of the taxonomy, including statistical tests, content analysis, or even prior knowledge from
a specialist in the subject. Rohrich, for example, uses factorial analysis techniques, the
Kruskal–Wallis statistical test, and cluster analysis to develop its taxonomy to form groups
of companies with common properties [27].

4. Case Study: A Taxonomy of Portuguese Industrial Kitchens

This section presents a case study that demonstrates the application of the proposed
methodology. This case study is inserted in the context of the nexIK project: exploring the
Human–Water–Energy Nexus in Industrial Kitchens, which aims to set itself as a one-of-
a-kind real-world test bed for conducting exploratory research in IKs to understand how
the Water–Energy–Food (WEF) Nexus can be leveraged to promote responsible resource
consumption and cleaner energy [3]. One of the project’s key objectives is to understand
the energy efficiency/flexibility opportunities to evaluate the behavior of successful sus-
tainable solutions.

4.1. Knowledge Domain
4.1.1. Purpose

The purpose of the nexIK project’s taxonomy is to group similar terms and concepts
that allow exploration of IK-related topics. Ultimately, at the end of the study, it will be
possible to identify and develop abstract models of IKs according to the classification
carried out.

4.1.2. Target Audience

The target audience comprises managers and members of IKs located in Portugal
who answered a questionnaire with several questions that are the basis of the taxonomy.
This same public has access to the results of this project component, such that they can
compare the data of their restaurants with others around the country. This information can
be helpful for them to gain a better understanding of the efficiency of their establishments
in terms of energy consumption.

Another relevant target group is the scientific community, which can use the results to
guide new lines of research. Sustainability agencies, such as energy, can also use the results
to understand better an area that has been overlooked and few studies developed.

Still, it is possible that policymakers use this study to define new policies and rules,
such as creating legislation that obliges restaurants to install renewable energy or offset
carbon depending on IKs classification. Finally, there are also utilities, such as electricity
companies, which may see this study as an opportunity to provide service with flexibility
in energy contracts so that companies could move the high energy consumption on the
most advantageous days.
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4.2. Terms and Concepts

The terms and concepts present in this study were extracted by characterizing indus-
trial kitchens concerning their infrastructure (e.g., devices) and processes (e.g., type of
gastronomy). The following terms were extracted: location; type of gastronomy; spending
(in euros) on energy; number of employees in the kitchen; size (in m2) of the kitchen; time
(in years) of the establishment’s existence; amount of specific equipment present in the
kitchen; how cooking equipment works (electricity or gas); and challenges related to the
kitchen’s energy consumption. Most of these terms resulted from the literature research
on the topic, mainly works on establishing benchmark methodologies [5–7]. The list of
appliances most commonly found in IKs was completed based on a survey of the website
of IK equipment manufacturers (e.g., [33].)

The terms were then organized into three main sections: one with information about
the establishment (such as name, registration number, number of employees, energy
expenditure, etc.); another section with quantitative information like the type of equipment;
and a third section with the qualitative terms.

4.3. Data Collection

The collection of the necessary data for the construction of the taxonomy was carried
out by a Market Research company, which operates both at the level of qualitative and
quantitative studies. To this end, the terms identified in the previous stage were organized
in a questionnaire format, which the market research company later encoded into their
platform. An overview of the encoded questionnaire is provided in Appendix A.

The data collection was conducted via telephone interviews with 50 restaurants located
in Portugal. The interviews were conducted in Portuguese. The following restrictions
applied to select the restaurants that were contacted: all restaurants participating in the
survey must be located in Portugal; only restaurant managers and owners are eligible to
answer the questionnaire; the survey can only be conducted with establishments that serve
at least lunch or dinner.

All the interviews were conducted in four weeks, and the whole process (from the
creation of the questionnaire to the final delivery of the data) was supervised by the nexIK
project research team.

Preliminary Data Analysis

Figures 3 and 4 provide an overview of the answers given by the 50 interviewed
restaurants. The data are color-coded using a semaphore-style heatmap, where dark red
indicates the lowest number of occurrences and dark green highlights the highest.

Portuguese Fast Food Indian Italian Chinese Burger BBQ Steakhouse Japanese Asian Other
Type of Cuisine 34 1 1 1 0 1 3 0 0 0 9

< 500 501 to 750 751 to 1000 1000 to 1500 > 1500 Don't Know
Euros Spent in Electricity 11 10 11 7 10 1

< 1 1 to 4 4 to 8 8 to 12 > 12
Years of Existence 3 8 10 2 27

1 to 3 4 to 5 6 to 10 > 10
Workers in the Kitchen 23 14 9 4

0 to 30 31 to 60 61 to 100 > 100
Square Meters 30 14 4 2

Electricity Gas Don't Know
Predonomiant Equipment 25 24 1

Figure 3. Responses to general questions about the interviewed restaurants.

With respect to the general characteristics of the restaurants (Figure 3), the following
observations can be made. First of all, as expected, the majority of the restaurants offer
Portuguese gastronomy (34 out of 50). Concerning the costs of energy, there is no clear pat-
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tern since it is possible to find a similar number of restaurants in each category. This aspect
becomes more interesting when considering that 30 of the 50 IKs are smaller than 30 square
meters. Ultimately, this corroborates with existing literature where it is discussed that the
size of the kitchens is not a good feature to normalize energy consumption. The small
size of the kitchens also helps explain the relatively small number of kitchen operators—
almost 50% of the kitchens are operated by 1 to 3 people. Finally, most restaurants are over
12 years old.

0 1 2 > 2
Air Conditioning 5 18 10 16

Bain-Maries 32 13 2 3
Blast Chillers 24 20 4 2

Boilers 27 20 3 0
Braziers 31 15 1 3

Buffet Stand 49 1 0 0
Chicken Rotisseries 41 6 2 1
Cutters or Choppers 22 22 3 3

Deep Fryers 4 20 17 9
Dishwasher 1 21 24 4

Griddle 48 2 0 0
Kettles 38 9 1 2

Microwave 8 27 13 2
Oven 1 31 15 3

Plate Warmer 36 9 4 1
Plate Warmer Carts 46 4 0 0
Proofing Chambers 49 1 0 0

Refrigerator 0 5 5 40
Refrigerated Showcase 13 19 10 8

Salamander 39 10 1 0
Smoke Extractor 1 35 9 5

Stove 1 31 15 3
 Water Heater 32 16 1 1

Number of Units

Figure 4. Responses to electric devices in each IK.

With respect to the electric devices available in each IK (Figure 4), the refrigerator is by
far the most common device, with 40 restaurants indicating the presence of more than two
units. Other common appliances are Air Conditioners (ACs), smoke extractors, cooking
appliances (deep fryers, microwaves, stoves, and ovens), and dishwashers. In contrast,
there are several appliances that are very uncommon, particularly very specific appliances
such as plate warmers, proofing chambers, and rotisseries.

4.4. Information Analysis
4.4.1. Data Analysis Methodology

An iterative methodology was followed for the data analysis, as depicted in Figure 5.
The different steps are described next.

Data Processing Muti-variate
Clustering

Group
Formation

Analysis of
Aspects

Concept
Map

YES

NOContinue? Merge Concept
Maps

Concept
Map

Figure 5. Process followed to carry out the analysis of the information.

In the first step, the data are processed such that they can be interpreted by the
statistical software, which in the case of this work is the Minitab [34]. This step is not
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mandatory if the data are already in the desired format. However, it is necessary at least to
describe the most relevant data arrangements for replicability purposes.

For the second step, since there is no a priori hypothesis about the structure or behavior
in the data, it was decided to rely on hierarchical clustering to learn relationships from
the data automatically. This decision is especially relevant since it avoids the need to
re-establish the number of clusters, which is a required hyperparameter in most clustering
algorithms. Instead, the only required hyperparameters are the dissimilarity (i.e., distance)
and linkage functions. The former is used to quantify the distance between two clusters,
and it was set to the Euclidean distance, the most widely used and recommended in the
literature [35]. The latter is used to join the different pairs of clusters and was set to the
ward method, which creates clusters by minimizing the intra-cluster variance.

This is followed by an iterative process that is composed of the following three steps:

1. Group Formation: all the possible cluster arrangements were organized and displayed
using dendrograms, and the clusters were formed by slicing the distance axis (y-axis)
at different values based on visual inspection.

2. Analysis of Aspects: Various aspects were analyzed based on the answers obtained
from the questions asked to the restaurants interviewed. These questions included
the type of gastronomy, the energy cost in euros, the number of employees in the
kitchen, the size of the kitchen in square meters, the time of existence in years, and
the equipment source of energy. The possible answers for each question are available
in Appendix A. The percentage of responses for each alternative was then calculated
in order to draw conclusions about each group formed. This made it possible to
determine which type of gastronomy was predominant in a given group, as well
as to identify trends in relation to energy expenditure, number of employees, and
other aspects.

3. Concept Map Creation: The taxonomy structure is usually represented graphically
through conceptual maps, making the hierarchical relationships between the taxon-
omy elements more visible. In this work, the software used to create the conceptual
map was Cmap Tools [36]. As a tool for organizing the concepts, this software uses a
hierarchical diagram, presenting the information in descending, with the most general
information at the beginning of the hierarchical chain.

Finally, in the last step, the concept maps were merged following the temporal order
in which they were developed in the previous steps.

4.4.2. Results and Discussion
Clustering

In the clustering step, the devices available in each of the 50 surveyed restaurants
were used as input for the clustering algorithms. The resulting clusters are depicted in
Figure 6, where the y-axis represents the Euclidean distance and the x-axis represents the
observations (i.e., the 50 restaurants that participated in the interview).

After visual inspection of the dendrogram, it was decided to slide it at a distance
of 12.71, resulting in three clusters (blue, green, and red). Following the structure of the
survey, these clusters were then analyzed based on six different aspects: type of gastronomy,
expense (in euros) with energy, number of employees working in the kitchen, kitchen size
(in m2), time (in years) of the existence of the restaurant, and way of working of the cooking
equipment (gas or electricity).
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Figure 6. Cluster that divides the 50 restaurants that participated in the interview into three groups
with similar characteristics.

Iteration 1

In the first iteration, the following criteria were defined for each different aspect:

• Energy Cost: The blue and green groups were classified as high because most restau-
rants spend from EUR 1000 to over EUR 1500 on energy (56.25%).

• Number of employees: The blue group was classified as inconclusive because the
answers were well distributed between each of the categories presented, so there
was no predominance. On the other hand, the green group was classified as high,
at 66.67%.

• Kitchen Size: The blue and red groups were classified as small because most of the
restaurants in these groups had a maximum of 60 m2 in their kitchens (75% of the
restaurants in the case of the blue group and 100% of the restaurants in the case of
the green group). On the other hand, the green group was classified as inconclusive
because there was no pattern in this aspect, as each restaurant in this group answered
a different alternative for the size of its kitchen.

• Time of existence: All the groups were classified as high because, in all the groups,
most of the restaurants have been in existence for more than 12 years: 75% of the
restaurants in the case of the blue group, 100% in the case of the green group, and
38.71% in the case of the red group.

• Equipment operation: All the groups were considered inconclusive because, in all of
them, the distribution between restaurants using gas and those using electricity was
balanced, resulting in percentages close to 50% in all cases.

A summary of the analysis is presented in Table 2. The details of this analysis are
provided next.

The gastronomy type variable was considered irrelevant for the analysis since all
groups presented a predominance of traditional Portuguese gastronomy (66.67% for the
blue and green group and 67.74% for the red group). The remaining percentages are di-
vided between different types of gastronomy, but none of the others had a predominance,
which was already expected since the field research was conducted in Portugal. The form
of equipment operation was also not relevant at this stage since all groups presented incon-
clusive results, i.e., approximately half of the restaurants in each group used predominantly
gas and the other half electricity, not having a pattern or a predominance. Similarly, the
time of existence of the restaurants was not a relevant criterion in this step of the analysis
because all groups presented a long time of existence, i.e., most restaurants in all groups
have existed for more than 12 years.
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Table 2. Summary of the analysis realized in Iteration 1.

Criteria/Group Blue Green Red

Type of gastronomy Portuguese traditional Portuguese traditional Portuguese traditional

Energy costs (EUR) High High Low

Number of employees in the kitchen Inconclusive High Low

Kitchen size (m2) Small Inconclusive Small

Time of existence of the restaurant High High High

Equipment operation Inconclusive Inconclusive Inconclusive

Concerning the remaining aspects, the blue group presented high energy costs, with
most restaurants in this group spending from EUR 1000 to over EUR 1500 per month on
energy (56.25%.) Regarding the number of employees working in the kitchen, the result
is inconclusive because it is not possible to say whether the amount is high or low since
the data are well distributed: 25% had one to three employees, 31.25% had four to five
employees, 31.25% had six to ten employees, and 12.5% had more than ten employees in
the kitchen. Moreover, most of the restaurants that make up the blue group had a small
kitchen space, i.e., the kitchen size was smaller than 60 m2 in most cases.

The green group, in turn, stood out for its high energy costs and the large number of
employees in the kitchen since most restaurants in this group had more than ten employees.
The size of the kitchen, on the other hand, was considered inconclusive, as the green group
is formed only by three restaurants, and each of them provided a different size for its
kitchen: the first one presented a size between 31 and 60 m2, the second between 61 and
100 m2 and the last one has more than 100 m2 in its kitchen.

Finally, the red group showed low energy spending (most restaurants in this group
spend less than EUR 750 per month on energy). Furthermore, this group had a low number
of employees in the kitchen (less than six employees) and also a small amount of space
(less than 60 m2).

In summary, in this first analysis, the most important criteria were the energy cost
and the number of employees in the kitchen. In this sense, it can be concluded that the
red group presents characteristics of smaller restaurants with fewer employees and lower
energy costs. In contrast, the kitchens in the green group have many employees and a
high cost of energy, possibly representing large restaurants. Finally, the kitchens in the
blue group tend to be in between the red and green groups, presenting higher energy costs
but an inconclusive number of employees working in the kitchen. This group also has
the smallest kitchens in m2, suggesting that this group represents restaurants with many
requests. Ultimately, this analysis made it possible to create the conceptual map presented
in Figure 7.

Figure 7. Conceptual map built at the end of Iteration 1.
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Iteration 2

Since the green group comprises only three restaurants, its analysis ended in the first
iteration. However, a second iteration was performed for the blue group (composed of
16 restaurants) and the red group (composed of 31 restaurants). To this end, these clusters
were divided into smaller groups: the blue group was cut in the Euclidian distance at 9.32,
whereas the red group was sliced at a distance of 8.47. The resulting clusters are depicted in
Figure 8, dividing the blue group into five subgroups, and the red groups into three. Since
the fifth subgroup in the blue category comprises only one restaurant, it was excluded from
this analysis.

Figure 8. Cluster that subdivides the blue and red groups.

The analysis was conducted the same way as in the previous iteration (except for the
criterion of type of gastronomy, which was disregarded since it proved irrelevant, as most
of them are traditional Portuguese). The results of this iteration are compiled in Table 3.

Table 3. Summary of the analysis performed on the blue and red group subgroups.

Criteria / Group B1 B2 B3 B4 R1 R2 R3

Energy costs (EUR) High High Low High Low Inconclusive High

Number of employees in the kitchen Low Low Low Inconclusive Low Low Low

Kitchen size (m2) Small Small Small Small Small Small Small

Time of existence of the restaurant High High Low High Low High High

Equipment operation Electricity Gas Inconclusive Gas Electricity Gas Electricity

In both groups, the variable kitchen size was not relevant for this analysis stage
since, in all cases, most restaurants had few square meters (in all cases, the majority of
restaurants in each subgroup had a kitchen smaller than 60 m2. Regarding the analysis
of the four subgroups of the blue group, the B3 is the one that differs mostly from the
general characteristics of the blue group since most restaurants in this group had a short
time of existence (3 to 4 years) and lower energy expenditure (although higher if compared
to the red group). This is why this subgroup was assigned “average” and not “high”, as
with the blue group and subgroups B1, B2, and B4. In addition, the predominant use of
electricity in the equipment of subgroup B1 separates it from subgroups B2 and B4, which
predominantly used gas. Finally, the low number of employees (less than six) present in
most restaurants of subgroup B2 separates it from subgroup B4, which has an inconclusive
number of employees. More precisely, this subgroup comprises three restaurants, each
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with a different number of employees: the first had one to three employees in the kitchen,
the second had six to ten, and the last had more than ten employees. These conclusions are
represented in the conceptual map presented in Figure 9.

Figure 9. Conceptual map built based on analyzing the variables of the restaurants that compose the
blue group.

Concerning the analysis of the red group, Subgroup R1 differs from the usual behavior
regarding the time of operation since the restaurants that make up this subgroup have been
open predominantly for a short time, i.e., from 1 to 8 years. Subgroup R2, on the other hand,
differs from the usual pattern found in the red group in the energy consumption aspect, as
it presented medium cost (from EUR 751 to EUR 1000) and not low cost (less than EUR 750),
as most of the restaurants in the red group. The aspects analyzed in this case were the way
of functioning of the equipment and the time of existence of the restaurants. In the first case,
the gas operation separated R2 from the subgroups that work primarily with electricity,
while the short time of existence separated R1 from R3, a subgroup composed mostly
of restaurants that have existed for more than 12 years. The concept map in Figure 10
schematically represents this analysis.

Figure 10. Conceptual map built based on analyzing the variables of the restaurants that compose
the red group.
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Merging

At this stage, because of the number of restaurants in each subgroup, it was not
necessary to proceed with a third iteration. Hence, the three conceptual maps from
Figures 7, 9, and 10 were merged to form the overall taxonomy depicted in Figure 11.

Figure 11. Conceptual map representing the final taxonomy.

On the right, it can be seen that the kitchens in the blue group belong to the group
with high energy expenditure in the first stage of the analysis. However, in the second
iteration, it is noted that B3 was classified as “medium”. This happened because in the
first iteration, restaurants from all groups were considered, and restaurants with high
energy expenditure were predominated. In the second iteration, on the other hand, the
analysis took into account only the restaurants belonging to the blue group, making the
analysis more granular. Similarly, in the first stage of the analysis, the result for the number
of employees in the kitchen was inconclusive since the numbers were well distributed,
contrasting the second stage, in which the restaurants that make up the B2 subgroup
predominantly presented a lower number of employees in their kitchens.

5. Conclusions

The present paper proposed a methodological framework for developing taxonomies
for IKs. Given the lack of literature concerning a generalized method for developing tax-
onomies, the framework development was grounded on a survey of the existing literature
focusing on the development of taxonomies for different fields, in particular information
sciences and librarianship. The proposed framework borrows concepts from two well-
established types of taxonomies, namely faceted and corporate taxonomies. Using this
framework, it is possible to develop taxonomies following a four-step procedure: (1) defini-
tion of the knowledge domain, (2) definition of terms and concepts, (3) data collection, and
(4) information analysis.

To illustrate the frameworks’ applicability, a real-world case study was presented,
where a taxonomy is developed for Portuguese IKs considering 50 restaurants spread across
Portugal. Ultimately, it was shown that using this framework, it is possible to systematically
build taxonomies of IKs based on their characterization, i.e., by analyzing facets such as the
equipment that exists in them and their mode of operation.
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In this regard, the initial exploratory analysis revealed that most restaurants offer
Portuguese cuisine, with no clear pattern in energy costs, and most kitchens are smaller than
30 square meters. This aligns with the literature indicating that kitchen size is not a reliable
energy consumption indicator. Common appliances include refrigerators, AC units, and
various cooking devices, while very specific appliances (e.g., proofing chambers) are rare.
Most restaurants have been operational for over 12 years, indicating established businesses
and nearly half have one to three kitchen operators, reflecting the efficiency required
in smaller kitchens. The balanced use of gas and electricity for equipment operation
demonstrates flexibility in energy sourcing. This balance may also stem from the fact that
most restaurants are at least 12 years old, as older establishments often retain their original
gas setups due to the high cost and disruption associated with retrofitting. Over time, these
restaurants gradually integrate electric appliances as technology advances and becomes
more efficient.

The methodology-specific insights derived from Step 4 highlighted that combining
corporate and faceted taxonomies enables a detailed and standardized analysis. Energy
costs emerged as a significant criterion, with distinct differences in operational expenses
among the restaurant groups, providing a basis for targeted energy efficiency measures.
The cluster analysis further revealed the heterogeneity within groups, with the blue group
showing higher energy costs but varied staffing and small kitchens, while the green group
indicating large operations with high staffing and energy costs. On the other hand, the red
group represented smaller, cost-efficient operations with lower energy expenditure and
fewer employees. This granular analysis underscores the importance of benchmarking best
practices and suggests that smaller, cost-efficient operations could benefit from the insights
of higher-cost counterparts.

Limitations and Future Work

There are, however, some improvements that should be considered for future iterations
of this work. More precisely, the information analysis (Step 4) follows a purely manual
process, which can be subject to modeler bias, for example, when selecting where to split
the clusters. Furthermore, each facet is analyzed and interpreted manually. In this sense,
an important future research direction is to adopt different data mining techniques to
automate this process. Association Rule Mining, for example, is a data analysis technique
used to discover interesting and frequent patterns in transactional or relational datasets
by identifying meaningful associations or relationships between frequently co-occurring
items in a dataset [37]. Another technique is Ant Colony Optimization, a probability-based
heuristic created for solving computational problems involving pathfinding in graphs [38].
Both techniques can be used to extract rules from the data automatically, which can later be
translated into concept maps and assessed by the human modeler(s).

Ultimately, while not the main focus of this paper, the development of taxonomies
for IKs can have significant practical implications for energy managers and researchers.
For example, having such a framework, it should be possible to study and compare
industrial kitchens within and across countries, considering different facets, organizational
procedures, and business models such as virtual restaurants [39]. For instance, analyzing
the interplay between location, type of food served, and energy costs can reveal whether
these factors influence the energy expenditures of an IK. Furthermore, it should be possible
to leverage the developed taxonomies to build abstract models of industrial kitchens,
ultimately enabling the simulation of different energy efficiency measures. The importance
of developing abstract models is centered on the difficulty of instrumenting a large number
of kitchens since the costs of equipment and even human resources are very high.
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Appendix A. Questionnaire Used in the Interviews with the 50 Restaurants

Table A1. Structure of the Questionnaire Used in the Interviews with the 50 Restaurants.

Content Reference Text Type/Range

Question [. . . ] Registration number Quantity

Variables Registration [9 to 306]

Values

Question [. . . ] Accepts recording Single

Variables P0 1 to 2

Values

1 Yes 1 to 1

2 No 2 to 2

1

Question [. . . ] Date of interview Open

Variables Date open-ended verbatim

Values

Question [. . . ] Interview time Open

Variables Time open-ended verbatim

Values

Question [. . . ] Name of establishment Open

Variables Name_Cont open-ended verbatim

Values

Question [. . . ] Location Open

Variables Location open-ended verbatim

Values
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Table A1. Cont.

Content Reference Text Type/Range

Question [. . . ] Q.1) What type of cuisine does your restaurant offer? Single

Variables P1 1 to 98

Values

1 Traditional Portuguese 1 to 1

2 Fast-Food 2 to 2

3 Indian 3 to 3

4 Italian 4 to 4

5 Chinese 5 to 5

6 Burger restaurant 6 to 6

7 Churrascaria 7 to 7

8 Steakhouse 8 to 8

9 Japanese 9 to 9

10 Asian 10 to 10

98 Other 98 to 98

Question [. . . ] Q.1) What type of cuisine does your restaurant offer?—Other Open

Variables P1_Out open-ended verbatim

Values

Question Q.2) How much do you spend on energy in your restaurant (in euros)?

[. . . ] Single

Variables P2 1 to 99

Values

1 Less than 500 euros 1 to 1

2 501 to 750 euros 2 to 2

3 751 to 1000 euros 3 to 3

4 1000 to 1500 4 to 4

5 Maior que 1500 euros 5 to 5

99 (Do Not Read) NS/NR (No Response/Not Reported) 99 to 99

Question [. . . ] Q.3) How many people work in the kitchen? Single

Variables P3 1 to 4

Values

1 1 to 3 1 to 1

2 4 to 5 2 to 2

3 6 to 10 3 to 3

4 More than 10 4 to 4

Question [. . . ] Q.4) How many square meters is the kitchen? Single

Variables P4 1 to 4

Values

1 0 to 30 1 to 1

2 31 to 60 2 to 2

3 61 to 100 3 to 3

4 More than100 4 to 4
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Table A1. Cont.

Content Reference Text Type/Range

Question [. . . ] Q.5) How long has the establishment been in existence? Single

Variables P5 1 to 5

Values

1 Less than 1 year 1 to 1

2 1 to 4 years 2 to 2

3 4 to 8 years 3 to 3

4 8 to 12 years 4 to 4

5 More than 12 years 5 to 5

Question [. . . ] [. . . ] Matrix

Variables

P6A_1 Temperature controllers 1 to 4

P6A_2 Plate warmer 1 to 4

P6A_3 Air conditioning 1 to 4

P6A_4 Refrigerator 1 to 4

P6A_5 Chicken rotisseries 1 to 4

P6A_6 Bain-maries 1 to 4

P6A_7 Braziers 1 to 4

P6A_8 Electric buffet 1 to 4

P6A_9 Boiler 1 to 4

P6A_10 Proofing chambers 1 to 4

P6A_11 Plate warmer carts 1 to 4

P6A_12 Electric kettles 1 to 4

P6A_13 Cutters or choppers (of meat, chicken, etc.) 1 to 4

Values

1 Does not exist 1 to 1

2 1 2 to 2

3 2 3 to 3

4 More than 2 4 to 4

Question [. . . ] [. . . ] Matrix

Values

P6B_1 Crepe makers/Waffles 1 to 4

P6B_2 Electric water heater 1 to 4

P6B_3 Extractor 1 to 4

P6B_4 Stove 1 to 4

P6B_5 Oven 1 to 4

P6B_6 Fryer 1 to 4

P6B_7 Dishwasher 1 to 4

P6B_8 Microwave 1 to 4

P6B_9 Salamander/Grill 1 to 4

P6B_10 Refrigerated display case 1 to 4

Values

1 Does not exist 1 to 1

2 1 2 to 2

3 2 3 to 3

4 More than 2 4 to 4



Sustainability 2024, 16, 7639 20 of 22

Table A1. Cont.

Content Reference Text Type/Range

Question [. . . ] P.7) Equipment such as ovens, stoves and water heaters work predominantly at: Single

Variables P7 1 to 98

Values

1 Electricity 1 to 1

2 Gas 2 to 2

98 Other 98 to 98

Question [. . . ] Q.7) Equipment such as ovens, stoves and water heaters work predominantly at: -
Other Open

Variables P7Out open-ended verbatim

Values

Question [. . . ] [. . . ] Multiple

Variables

P8_1 P.8) To conclude. What are the main challenges related to the energy consumption of
your establishment’s kitchen: High consumption, but I don’t know how to save 0 to 1

P8_2
P.8) To conclude. What are the main challenges related to the energy consumption of
your establishment’s kitchen: Difficult to promote the adoption of more efficient
behaviors among the employees of the establishment

0 to 1

P8_3
P.8) To conclude. What are the main challenges related to the energy consumption of
your establishment’s kitchen: Difficult to promote the use of equipment in a more
efficient way

0 to 1

P8_4 P.8) To conclude. What are the main challenges related to the energy consumption of
your establishment’s kitchen: I don’t know which equipment consumes the most energy 0 to 1

P8_5 P.8) To conclude. What are the main challenges: The kitchen’s structure/organization
does not allow for a layout that enables the intelligent use of equipment 0 to 1

P8_6
P.8) To conclude. What are the main challenges related to the energy consumption of
your establishment’s kitchen: Lack of information on how to manage equipment for
more efficient consumption

0 to 1

P8_7 P.8) To conclude. What are the main challenges related to the energy consumption of
your establishment’s kitchen: The equipment in the establishments is not very efficient 0 to 1

P8_8
P.8) To conclude. What are the main challenges related to the energy consumption of
your establishment’s kitchen: Difficult to maintain equipment in a way that keeps them
efficient

0 to 1

P8_9 P.8) To conclude. What are the main challenges related to the energy consumption of
your establishment’s kitchen: More efficient equipment has a high cost 0 to 1

P8_10 P.8) To conclude. What are the main challenges related to the energy consumption of
your establishment’s kitchen: I don’t encounter any difficulties 0 to 1

Values
0 No 0 to 0

1 Yes 1 to 1

Question [. . . ] P.9) Confirm location of establishment Single

Variables P9 1 to 2

Values
1 Yes 1 to 1

2 No 2 to 2

Question [. . . ] P.9) Correct locality Open

Variables P9A open-ended verbatim

Values

Question [. . . ] Interviewee’s email Open

Variables Email open-ended verbatim

Values
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