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Abstract

This thesis aims to identify which sustainability indicators can be used by the
manufacturing industry, in order to propose a more organized guideline since there is no
consensus on which indicators to implement, or how to effectively do it. This research
was carried out using a Systematic Literature Review using the scientific database
SCOPUS, this research aims to analyze within the context of the Triple Bottom Line,
which categories of sustainability are the most studied as well as which indicators are
being used to measure them and accordingly propose a framework which is composed
by a sequence of steps as well as a selection of general and adaptable indicators, that aims
to facilitate the process for companies to include sustainable practices in their operations.
Finally, this review also elucidates some scientific literature gaps found and suggests

future research directions.

Keywords: Sustainability indicators, sustainable manufacturing, sustainability

assessment framework, systematic literature review.

1. Introduction
The first time the concept of sustainable development came into discussion was in 1987
when Gro Harlem Brundtland wrote about it in a report for the World Commission on
Environment and Development, even though, moving towards a sustainable society had
been a concern long before it had a name. This concept entails the “meeting the needs of
the present without compromising the ability of future generations to meet their own
needs.” (WCED), 1987). Today, almost 40 years later, we are still trying to figure out the

best way to achieve this goal.

Moreover, sustainability development takes into consideration a wide range of factors,
which is why its study has been divided into 3 main fields, known as the Triple Bottom
Line (TBL) that includes social sustainability, economic sustainability and environmental
sustainability (Elkington & Rowlands, 1999), this model allows researchers to deepen
their understanding in the area that is more relevant to the industry or topic they aim to

study.

Nowadays, companies are obliged to adopt sustainable practices in all their operations
thanks to the enforcement of rigorous environmental, social and health legislations due

to the need of slowing down the use of non-renewable resources, as well as the rapid
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increase in customer consciousness regarding sustainable practices and their importance
when choosing products. (Biju et al., 2015). To achieve this, companies are compelled to
measure, assess and then reevaluate their practices in order to render them as sustainable

as possible.

Pertaining to the manufacturing industry, an exhaustive definition states that
“sustainable manufacturing at product, process and system levels must demonstrate
reduced negative environmental impacts, offer improved energy and resource efficiency,
generate minimum quantity of waste, provide operational personnel health while
maintaining and/or improving the product and process quality with the overall life-cycle
cost benefits.” (Jawahir et al., 2013)

From this definition we can deduce that the pillar that is mostly related to sustainable
manufacturing is the environmental one, because resource planning is highly linked to
the environmental dimension of sustainability (Medne & Lapina, 2019) and in the words
of Barbieri (2002 as cited in Murad et al., 2021) the actions targeting the elimination or
reuse of waste in the early stages of the manufacturing process result in an increase in
productivity. To simplify, the environmental aspect of sustainability refers to the
“preservation of the ecological conditions of human survival” this equal to the ability to
maintain the natural resources over time. (Sherif et al., 2022) and the manufacturing
sector is considered one of the main contributors to environmental degradation. (Zeng et
al., 2008).

Furthermore, organizing and deepening the available knowledge of the sustainable
manufacturing has gained even more relevance due to the recent world events, according
to a New York Time’s article after the pandemic of COVID-19 there has been a shortage
of goods in most industries due to a disruption of the supply chains and lack of raw
materials (Goodman & Chokshi, 2021), for this reason it has become even more crucial to
increase the effectivity in the supply chain so that the processes are as sustainable as
possible which would mean for example a wiser use of materials, a reduction in waste, a

decrease of the emissions and more.

Finally, to be able to assess sustainability correctly, companies need to use metrics or
indicators, these indicators “should depict a clear picture of the problem under
observation and make the measurement possible. Indicators are expressed in real values
or binary units.” (Diaz-Chavez, 2014 as cited in Ahmad et al., 2019) therefore, these

indicators translate complex issues into understandable information that helps the
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decision-making process of all stakeholders (Samuel et al., 2013) and even though there
is not a framework able to work for all industries, a more consistent and standardized
approach on sustainability indicators allows companies to monitor and compare their
performance. (Eastwood and Haapala, 2015). However, the “lack of practically applicable
and measurable indicators discourages practitioners to undertake a sustainability
assessment of their activities” (Ahmad et al., 2019). As well as the vast number of
indicators present in the literature. In consequence, there is a strong need to identify and
organize the sustainability indicators that can be used by the manufacturing industry and
establishing the purpose of each indicator. This will allow us to provide guidance to
companies that want to start evaluating themselves in terms of sustainability or want to

improve their assessment methods.

2. Methodology

To address the research objective of proposing a sustainability indicators framework for
the manufacturing sector, it was crucial to understand what companies have been doing
until now, what previous research has found and reunite and analyze that information,

to do so a Systematic Literature Review was developed.

This research is valuable for the manufacturing sector because an effective
implementation of sustainability practices, allows companies to ensure economic growth,
conserve natural resources, minimize the negative environmental and social impacts as
well as meeting the requirements of stakeholders. (Mengistu & Panizzolo, 2023). However,
even though this topic is widely studied, researchers have yet to agree on a standardized
or diffused method to analyze or compare themselves in terms of sustainability criteria.
Hence the need for a framework that collects the most relevant sustainability indicators

for companies to use as a guideline.

1.1. SLR methodology
A Systematic Literature Review (SLR) is a structured process that elucidates the current

state of research of a subject and allows to identify gaps and areas requiring further
research. (Transfield et al. 2003).

A SLR comprehends different steps which are defined differently in the literature as
follows: (Fink 2014, p. 4, Transfield et al. 2003).

1. Defining research questions

2. Selecting databases and other research sources



3. Defining search terms

4. Merging hits from different databases

5. Applying inclusion and exclusion criteria
6. Perform the review

7. Synthesizing results

1.1.1. Selecting databases
Taking into consideration that sustainability is a wide concept and broadly studied, by
using the SLR we are able to address the results of the research properly. The research
relies on papers accessible on Scopus, due to it being the most diffused scientific database
for engineering subjects. The recollection phase stopped on 14th May 2023. The process

included a screening process as well as keyword and eligibility criteria definition.

1.1.2. Keyword definition

The definition of the keywords was preceded by a random search dealing with the topics
of this paper. This process allowed the discovery of the right combination for the query
by eliminating those keywords that brought up inaccurate results that were not about
assessing sustainability or those who didn’t talk about the manufacturing sector. Hence

the keywords used were: “Sustainability indicators” AND “manufacturing.”

This query allows the research to be limited to the papers focused on the evaluation of

sustainability within the manufacturing industry.
1.1.3. Eligibility criteria

The platform chosen for the recollection of articles was SCOPUS and the search was

limited to results in English with no restriction of publication year.

Firstly, an elimination took place in order to be able to select the relevant papers to be
included in the review according to the keywords and the intended output of the
research, this phase was based on reading and assessing the title and abstract. After this
the final phase consisted in reading the whole document and selecting those that are

relevant to the purpose of this study. The main criteria used to discard articles were:

e Papers that involved solely sustainability indicators from the social or economic
denomination.



e Papers proposing new indicators not yet proven or not broadly used.

e Papers talking about indicators from the entire supply chain without specifying
indicators for the manufacturing sector.

e Papers proposing mixing indicators to measure them better.
e Papers mentioning established frameworks instead of single indicators.

e Papers that address sustainability in the manufacturing sector in general but not its
evaluation or measurement.

These criteria helped limit the sample to papers that measure sustainability in the

manufacturing industry in terms of measurable, common indicators.

e )
*sustainability indicators* AND
*manufacturing® on scopus
1106
o J

. - \
Title and abstract paper
screening
-753
\_ J
- — “\
Integral reading of the paper
screning
-229
\_ J
s ~
Final sample
124
\ J

Figure 1. Paper screening process.

1.2. Theoretical Framework
This theoretical framework intends to describe how the review process was conducted.
1.2.1. Manufacturing stages

First, the final sample of papers was divided into the manufacturing stages that each of

them tackles.



1. The design stage: here were grouped those studies referring to the planning stage
of the manufacturing process this includes raw material scheduling and

acquisition and inventory control. (Beamon, 1998)

2. The operation stage: here are included those papers focusing on measuring

sustainability on the manufacturing operation itself.

3. The distribution and logistics: this stage of the manufacturing process refers as to
“how products are retrieved and transported, this entails management of

inventory retrieval and delivery.” (Bete an, 1998)

4. General: this category groups the papers tackling sustainability indicators without
specifying the stage of the manufacturing process or those who studied more than

one of the previously mentioned manufacturing stages.
1.2.2. Classification of sustainability indicators

Subsequently, the sources were divided into the sustainability indicators that they
studied.

e Environmental indicators

The indicators pertaining to the environmental dimension of sustainability refer to the
idea of eco-system, meaning both renewable and non-renewable resources as well as the
waste-absorption capacity of the earth (Moldan et al., 2021). These indicators, also called
physical dimension of sustainability, are valuable to assess and prevent damage to the

natural environmental system. (Huang et al. 2009).

Among the common environmental indicators studied in this SRL we can mention:
amount of water used, amount of recycled material used, energy consumption,

hazardous waste generation, etc.
e Social indicators

The concept of social sustainability considers human needs (Zarte, Pechman, & Nunes,
2019) and relies on the ideas of equity, accessibility, sharing and institutional stability. Its
purpose is “to preserve the environment through economic growth and alleviation of

poverty.” (Basiago, 1998).
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Within the social indicators we can find: health & safety, training/development, working

conditions, employee satisfaction, frequency rate of accidents.
e Economic indicators

Lastly, the economic dimension of sustainability entails “the economic welfare of
stakeholders as well as local and national economic systems (Butnariu and Avasilcai,
2015).

This dimension can be recognized as the most important goal for manufacturing
industries (Zarte, Pechman, & Nunes, 2019). Inside it we have indicators such as:

operating costs, investments for sustainability, labor costs, energy cost, quality costs.

1.2.3. Synthesizing results
The first step to analyze the contributions relies on the typical dimensions of the
research literature, this allows us to perform descriptive statistics in order to screen the
papers and have an overview of the sample tackled in this study. The dimensions
presented are as follows:

e Publication year

e Type of publication

e Source title (i.e the journal name)

e Manufacturing stages

e Sustainable pillars (i.e environmental, economic and social)

3. Results of SLR

3.1 Descriptive statistics

In order to have a clear overview of the sample of contributions included in this study,
some descriptive statistics are presented below:
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Publication Year

20

19
15 15 15
14
1 8 8
345
2
101 1 1 II

2003 2004 2005 2010 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

o

]

Figure 2. Descriptive statistics: Publication year

First, even though the time frame of the articles was not restricted, we can see that most
of the selected papers were written from 2016 to 2022, as shown in Figure 2. Which
evidences that sustainability indicators started to arouse interest in 2016 and has

maintained its relevance until today.

Type of publication

6 1

|

= Article = Conference Paper =Review = Book Chapter

Figure 3. Descriptive statistics: Type of publication

Second, we can highlight that the majority of contributions are articles being the 71.8% of
the total sample, followed by conference papers that amount to 22.6%, as reported in
Figure 3.
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Source Title

Sustainability (Switzerland) _ 10
procedia CIRP ||| GG 2
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Figure 4. Descriptive statistics: Top 3 Journals

Leveraging on Figure 4 we can identify the journal with a higher percentage of included
publications was Journal of Cleaner Production, seconded by Procedia CIRP and closely
followed by Sustainability (Switzerland).

Manufacturing stage

21

23 \‘

46
= General = Operation = Design = Distribution and Logistics = Maintenance

Figure 5. Descriptive statistics: Manufacturing stage

As reported in Figure 5, we can highlight that the literature found refers mostly to the
general manufacturing process, but it's worth noting that the manufacturing stage with
most contributions is Operation, with 41.9%. Lastly, the Distribution and Logistics and the
Maintenance stages were the ones with the least articles found.
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1.3.  Analysis by type of sustainability indicators

To be able to analyze the sources properly, the analysis was divided into two tables since
not all the contributions proposed an actual measurable indicator but just studied how to
improve sustainability in their manufacturing processes. For example, in their study,
Saxena et al., (2020) centered on reducing aspects such as waste, power consumption and
prices and increasing “environmental friendliness” and operational safety. This division

helped carry out the analysis in a more comprehensive manner.

Moreover, a further classification was carried on among the macro division of
sustainability indicators (Environmental, social and economic), in this division we
identified which indicator was studied or measured in each of the contributions. To
construct categories in the tables, the base was a categorization proposed by Murad et al.,
(2021) that divided each sustainability pillar into micro categories (i.e: for environmental
sustainability: Environmental training, hazardous waste, etc.) and similarly for social
sustainability and economic sustainability.

In the words of Ahmad et al., (2019b) some categories (that for this study are referred to
as clusters) were further divided and measured accordingly, for example Raw Materials
can be found in terms Primary materials or Secondary packaging materials, were as micro
categories as Solid waste were reported on a general basis. But since the studied
contributions don’t have the same division for their sustainability categories,
afterwards, more micro categories were added as they were found in the studied
contributions and didn’t fit into the previously proposed ones. For example, Song &
Moon, (2019) groups Energy and Raw Materials below a category called “resources” where
as in Ayabaca & Vila, (2020) Raw Materials is a separated category. Therefore, the final
division to study the sustainability clusters and micro categories proposed by each
paper is illustrated in Figure 6.

It is worth noting that some micro categories might contain other micro categories
within itself, for example in the economic dimension the most studied indicators are
relating to the Operating cost which was found to contained within it other very studied
indicators such as Labor cost which Leong et al., (2020) states that is highly dependent on
“employee qualifications, experience and expertise.” This is highly relevant since, even
though the environmental sustainability pillar is the most studied one, it can be said
that the economic dimension is the most relevant as a goal for companies is the
economic one. (Zarte et al., 2019).
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Moreover, talking about the environmental category and across all sustainability pillars,
in each analysis was found as the most studied the category of Greenhouse emissions, and
in terms of indicators, 31 out of 40 proposed the same one, even though it can be found
across the literature with different names such as Global warming potential (Huedo et al.,
2016; Rahla et al., 2019; Ruiz-Mercado et al., 2012a), Carbon Emissions (Bhanot et al., 2016b;
Zhu et al., 2022) or Greenhouse Emissions (GHG) (Lamjahdi et al., 2021b; Munasinghe et
al., 2017; Tan et al., 2015a; Watanabe et al.,, 2016). The extensive research about this
indicator can be explained due to it being a globally important factor from the climate
change perspective, but since it has been found that installing devices to reduce pollutant
emissions is a high investment/maintenance, small and medium size companies would
not engage in the efforts to tackle it. (Thirupathi et al., 2019).

Finally, regarding the social pillar Health & Safety was highly present in this contribution
sample. But opposite to Greenhouse Emissions, there is no consensus when referring to the
actual indicators, because it focuses on factors that can impact health which depending
on the type of sector may vary, for example the following indicators were found: Noise
exposure (Swarnakar, Singh, & Tiwari, 2021a), Amount of money for non-compliance of
regulations (Kocmanova et al.,, 2017), Medical health checkups (Kumar et al.,, 2022),
Biological, chemical, physical, ergonomic, safety hazard exposure risk (Mesa et al., 2019),
Employee health and safety provision (self-perception) (Sureeyatanapas et al., 2015).
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In this part, we signaled which micro category was studied in the research carried out in each article but was not necessarily assigned or

1.3.1. Analysis step 1: Sustainability indicators studied

proposed a specific indicator to measure it.

1.3.1.1. Environmental Indicators studied per publication
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, (Song & Moon,
Operation 2019) v v N4 NS
. (Valdivia &
Operation | tillejo, 2021) |V Y v Y
Operation | (Hartinietal., 2020) | V| V v VA4
(Patalas-
Operation Maliszewska & i v v NS v
tosyk, 2020)
Operation | (Triannietal., 2019) Vv v
. (Thirupathi et al.,
Operation 2019) ViV v v v
. (Sureeyatanapas et
Operation al,, 2015) V4 v v v
. (Kluczek &
Operation Wiosiriski, 2013) VIV v Vv v v
Operation (Ojo et al., 2020) v v v v
Operation (Pinto etal., 2020) |V |V |V VAN v v
Operation | (Hussain et al., 2017) | v VAN N4 v VAR
Operation (Harik et al., 2015) |V | V VAN N4 v
. (Swarnakar et al.,
Operation 2022) NANNG v v VAN
Operation | (Petrilloetal., 2016) |V | V | V VAN N4 v v
Operation (Tan et al., 2015) NARNAIN V4 v v
Operation | (Zarteetal,2019b) | V|V | V v v VAN
Operation (Gani, James, et al., VI VIV VAN v v V|V

2022)

Table 1. Environmental Indicators studied per publication
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In Table 1, the pillar of environmental sustainability is divided into the clusters: Material
usage, Energy consumption and efficiency, Water usage and efficiency, Waste management and
Environmental impact. With two micro categories that don’t belong to any of the previous
clusters, which are: Transportations and logistics and Quality. Of all the pillars, the
environmental one has the most contributions overall, because as previously mentioned,
it is the pillar most associated with the manufacturing industry. In fact, is also the one

with the larger number of micro categories.
From each cluster the most studied micro categories were:

For Material Usage: Input material consumption.

For Energy consumption and efficiency: Energy consumption.
For Water usage and efficiency: Water consumption.

For Waste management: Waste generated.

And for Environmental impact: Greenhouse gas emissions.

It can also be worth mentioning that the paper that studies the most micro categories
from the division is Gani et al., (2022)
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Figure 7. Sustainability indicators: Frequency of environmental indicators
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In Figure 5, we can observe that the three most studied environmental micro categories
were Greenhouse Gas Emissions, Input Material consumption and Energy consumption.

The reason for Greenhouse Gas Emissions to be the most present across all contributions
may be because there is a more global consideration on air emissions such as COz, than
to solid or water waste in the major political forums. (Ahmad et al., 2019b).

Meanwhile, the three that were the least studied were Reused Waste, Non/renewable material
use, Inert and non/inert waste.
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1.3.1.2.  Social indicators studied per publication
Ethics
. Social Impact and and
Workplace and Employee Well-Being Engagement Integrit
y
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Design (Pask et al., 2017) v
Design (Machado et al., 2019) v | v
Design (Ayabaca & Vila, 2020) v v v
Design (Lucato et al., 2018) v v v
Design (Hegab et al., 2018) v v v
Design (Leong et al., 2020) v v v v
Design (Watanabe et al., 2016) v v v v v
Design (Taddese et al., 2021) v | v v v v v
Distribution and (Barbosa et al., 2023) v
Logistics
D'StL”b“.“‘?” and (Li & Mathiyazhagan, 2016) v v VR
ogistics
General (Helman et al., 2023); (Latif et al., 2017); (Nagel & Tomiyama, 2004) v
Operation (Kubule & Blumberga, 2019) v
General (Peruzzini & Pellicciari, 2016); (M|2k(l)<£>2¢)at al., 2013); (Ruiz-Mercado et al., v v
Operation (Voces et al., 2012) v v
General (Paju et al., 2010) v v
General (Chang & Cheng, 2019) v v | v
General (Moslehi & Arababadi, 2016) v | Vv v
Operation (Seuring et al., 2003) v v | Y
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General (Zarte et al., 2019a) v | Vv v v
Operation (K. Singh & Sultan, 2018) v | Vv v v
General (Naderi et al., 2017) v v | Y
General (S. Singh et al., 2014) v v v
General (Chaim et al., 2018) v | Vv v v v
General (Helleno et al., 2017) v v v v
General (Kocmanova et al., 2015) v v | Vv v v
Operation (Amrina & Vilsi, 2015) v v | v v
General (Joung et al., 2013) v | v v v
General (Hsu et al., 2017) v v | Vv v v
General (Saygili et al., 2023) v v | v v v v v
General (Kaldas et al., 2020) v VI Vv |V v v
General (Lanz et al., 2014) v | v v | v 4 v v
General (Taddese et al., 2020) v | v v v v v v
General (Kocmanova et al., 2017) v v | v v | v v v v
General (Mengistu & Panizzolo, 2023b) v | v 4 4 v v v
General (Mengistu & Panizzolo, 2023a) v v v v v v v v v
General (Sharma, 2021) v | v v | v v | Vv |V v v
General (Swarnakar, Singh, Antony, et al., 2021) v v | v vV |V |V v v
General (Gani et al., 2020) v | v 4 4 v | v v
General (Labuschagne et al., 2005) vVivI ivI|IVv |V |V v v
General (Cagno et al., 2023) VI Vv I IVvVIiVvV |V V v | v v v
General (Contini & Peruzzini, 2022) VI v I Vv I Vv |V v | v v v v
General (Sangwan et al., 2019) v | Vv V|V |V v |V v v v v
General (Cagno et al., 2019) VI v ivI v iv]|Vv v | v v v v v
General (Ahmad et al., 2019) v | v vV |V |V v | Vv v v v v v
Maintenance (Franciosi et al., 2020) v | Y VI Vv |V v v
Operation (Erbis et al., 2016) v
Operation (Saxena et al., 2020) v
Operation (Mesa et al., 2019) v
Operation (Marie et al., 2022) v | Vv
Operation (Hashim et al., 2021) v v
Operation (Moktadir et al., 2020) v v v
Operation (Hartini et al., 2020) v v v
Operation (Susanty et al., 2019) v v v
Operation (Zarte et al., 2019b) v v
Operation (Kluczek & Wiosinski, 2013) v | Vv
Operation (Li et al., 2023) v | v v v
Operation (Song & Moon, 2019) v v v v
Operation (Sharathkumar Reddy et al., 2017) v v | Vv v
Operation (Bhanot et al., 2016a) v | Vv v
Operation (Tan et al., 2015) v | Vv v
Operation (Lamjahdi et al., 2021) v | v | VY v v
Operation (Swarnakar, Singh, & Tiwari, 2021) v | Vv v v v
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Operation (Ojo et al., 2020) v v | v
Operation (Patalas-Maliszewska & tosyk, 2020) v | Y
Operation (Thirupathi et al., 2019) v

Operation (Bhanot et al., 2016) v | v
Operation (Harik et al., 2015) v
Operation (Swarnakar et al., 2022) v v

Operation (Kumar et al., 2022) v v | Y
Operation (Murad et al., 2021) v v | v
Operation (Trianni et al., 2019) v | v
Operation (Sureeyatanapas et al., 2015) v v | Y
Operation (Pinto et al., 2020) 4 4

Table 2. Social indicators studied per publication
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In Table 2, the pillar of social sustainability is divided into clusters: Workplace and employee

wellbeing, Social impact and engagement, and Ethics and integrity.
From each cluster the most studied micro categories were:

For Workplace and employee wellbeing: Health & Safety.
For Social impact and engagement: Employee satisfaction

And for Ethics and integrity: Corruption.

It can also be worth mentioning that the paper that studies the most micro categories
from the division are Ahmad et al., (2019b) and Cagno et al., (2019).

To summarize the information presented in the table the following graph was

developed:
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Figure 8. Sustainability indicators: Frequency of social indicators

Lastly in Figure 7, we can observe that the three most studied economic indicators were
Health & Safety, Training/Development and Work accidents.

Again, Health & Safety is a micro category that can include within it others such as work
accidents or working conditions, this explains why it has a higher number of
contributions that talk about it.

On the other hand, the three that were the least studied were Corruption, Noise pollution
and Accident severity rate.
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1.3.1.3. Economic Indicators studied per publication.
Financial Investm_ent Que_lll_ty and Cost analysis
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Design (Rahla et al., 2019) v
Design (Taddese et al., 2021) v v
Design (Ayabaca & Vila, 2020) v v
Design (Lucato et al., 2018) v v
Design (Linke et al., 2014) v v
Design (Mangili & Prata, 2020) v v v
Design (Hegab et al., 2018) v v v
Design (Huedo et al., 2016) v v v
Design (Konig et al., 2022) v v v v
Design (Leong et al., 2020) v v v v v
Design (Mortazavi & Ivanov, 2019) v v v v v
Design (Pask et al., 2017) v v v v v
Design (Watanabe et al., 2016) v v v v v
Design (Smith et al., 2019) v v N v v v v
Design (S. Kim & Moon, 2017) v v v v v v v
Design (Santolaya et al., 2019) v v v v v v v v
Distribution and Logistics (Barbosa et al., 2023) v
Distribution and Logistics (Li & Mathiyazhagan, 2016) v v
General (Gani et al., 2021); (Taddese et al., 2020); (Kluczek, 2017) v
Operation (Ingwersen et al., 2016) v v

29



General (Mikko et al., 2013) v v

Operation (Voces et al., 2012) v v
General (Helman et al., 2023) v v v

Operation (Kubule & Blumberga, 2019) v v v
General (Zarte et al., 2019a); (Labuschagne et al., 2005) v v

Operation (K. Singh & Sultan, 2018) v v
General (Kocmanova et al., 2017) v v
General (Moslehi & Arababadi, 2016) v v v

Operation (Seuring et al., 2003) v v

Operation (Favi et al., 2022) v v v v
General (Barni et al., 2022) v v v v
General (Sharma, 2021) v v v v
General (Swarnakar, Singh, Antony, et al., 2021) v v v v
General (Chang & Cheng, 2019) v v v
General (Helleno et al., 2017) v v v

Operation (Amrina & Vilsi, 2015) v v v v
General (S. Singh et al., 2014) v v
General (Gani et al., 2020) v v v v
General (Kocmanova et al., 2015) V4 v v v
General (Paju et al., 2010) v v v v
General (Kaldas et al., 2020) V4 v v v v
General (Nagarajan et al., 2018) v v v v v
General (Naderi et al., 2017) v v v v v v
General (Mengistu & Panizzolo, 2023b) V4 v v v v v v
General (Ruiz-Mercado et al., 2012) V4 v v v v
General (Cagno et al., 2019) v v v v v v v v
General (Sangwan et al., 2019) v v v v v v v v
General (Hsu et al., 2017) NG v v v v v
General (Contini & Peruzzini, 2022) v v v v v v v v v
General (Joung et al., 2013) v v v v v v v v v
General (Mengistu & Panizzolo, 2023a) NG v v v v v v v v v
General (Cagno et al., 2023) v v v v v v v v v v v
General (Ahmad et al., 2019) v v v v v v v v v v v v v

Maintenance (Franciosi et al., 2020) v v v v
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Operation (Roy et al., 2020) N

Operation (Erbis et al., 2016) v

Operation (Moktadir et al., 2020) v

Operation (Sriyanto et al., 2019) v

Operation (Zarte et al., 2019b) v v
Operation (Harik et al., 2015) v

Operation (Kluczek & Wiosinski, 2013) v

Operation (Li et al., 2023) v

Operation (Swarnakar et al., 2022) v v

Operation (Karkalos et al., 2021) v v

Operation (Susanty et al., 2019) v v

Operation (Bhanot et al., 2016a) v v

Operation (Kumar et al., 2022) v v v

Operation (Marie et al., 2022) v v
Operation (Swarnakar, Singh, & Tiwari, 2021) v v v

Operation (Pinto et al., 2020) v v v

Operation (Patalas-Maliszewska & tosyk, 2020) v v v v

Operation (Sureeyatanapas et al., 2015) v v

Operation (Murad et al., 2021) v v
Operation (Hartini et al., 2020) v v v

Operation (Thirupathi et al., 2019) v v v

Operation (Mesa et al., 2019) v v
Operation (Bhanot et al., 2016) v v v
Operation (Hashim et al., 2021) v v v v

Operation (Lamjahdi et al., 2021) v v v v v
Operation (Song & Moon, 2019) v

Operation (Trianni et al., 2019) v v

Table 3. Economic Indicators studied per publication
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In Table 3, the pillar of economic sustainability is divided into clusters: Financial

performance, Investment analysis, Quality and efficiency and Cost analysis.
From each cluster the most studied micro categories were:

For Financial performance: Profit.

For Investment analysis: Investments for sustainability.
For Quality and efficiency: Quality.

And for Cost analysis: Operating cost.

It can also be worth mentioning that the paper that studies the most micro categories
from the division is (Ahmad et al., 2019b).
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Figure 9. Sustainability indicators: Frequency of economic indicators

In Figure 7, we can observe that the three most studied economic indicators were

Operating cost, Investments for sustainability and Labor Cost.

Indeed, Operating cost being the most studied micro category can be explained because
this topic is known to group inside other micro categories such as Labor cost or Energy
cost. This highlights the need for more standardized language for assessing economic
sustainability in the sector. (Armstrong et al., 2014).

On the other hand, the three that were the least studied were Product cost, Lead Time and
Payback period.

32



Auend

sansifo pue uonelodsuel|

[%] uodsuen
UOISSIWS-MO| JO SN

[swinjoa Jo Amuenb]
uoneyodsuel |

SUOISSIWT Ses) asnoyuaals

[onpoud B / ba 20D
B3] uudiooy uogred

[awinjona jo yun] zod

[poid 63%/200 B3] 200

T
pUETRIITE k]
UOISSIWS UOGIED

suolssiwa olvydsouwny

[awnjon jo
JUN] SUOISSIWS 2IX0 |

asn pue-]

uonnjjod asioN

Environmental Impact

Buibexoed usalo

[esodsip lalemalsem/a1Sep

TorTeRTTT
Juswabeuew
a1sem Buunoejnuepy

l2Jemalsem JO uolissiwg

[65/1] undiooy
181eM [eLBTe

a1seMm a|qe|2Koay

[6] pasnai/pa|okaail

[ssew jo

a)seM 1un] pajakoal aisep
b [swnjon jo nun] s1sem

|1sem pinbiT pinby| snoplezeH
[ew/Buwi] [ssew jo yun] aisem

91SeM pllos

panjjod 11/

[65] aisem pijos

pllos snoprezey

Waste Management

:O_Hm._wcwm 91Se\\ shoplezeH

[ssew jo
un] s1sem snop.rezeH

a1sem pasnay

Aouaioiy3 ABiaug

Dunyawi]
abesn ABiaug

padnpoud Jo w/ymA]
AKousoie ABisug

[poud 6x/in]
AKouaroyye ABiaug

[run/Bx]
palelsuso slse/ 2)SeM JO Junowy 6] s1seM
[awnjon jo yun]
.m lajem mesmﬂ_\bm_n;omm asn sojem pajkooy
@®©
%d )
= [1un 7 gw] 1onpoid
T @ [poid [sse20.d/1eb]
m m >Ucm_o_tw asn JsjeM E&E_MM_::W“MQ 6/7] Aouaioyye sayep | abesn Jayem ssad0id
=
PO
ouw
®©
= uondwnsuod JaTep
uondwnsuo) A11911109|3
uononpoud 1o asn
.m asn Abis u3 a|gemausy ABiaua ajgqemauay
@®©
m 30 un] uononpo.d
= asn ABJau3 ajqemauay-uou 1oy asn ABieua
o > 3|(eMaUdI-UON
o
S =
20 [AB1aua jo
25 abesn ABlaua pasnay Jun] ABJaua pasnoy
o =
ouw
2 Diiw
(]
c
L

uondwnsuo) Abisu3z

[runymi]
abesn ABiaug

[AB1aua
0 Jun] asn ABisug

[Aepruml
abesn ABisug

slellarew A|pual}-003

ToT
2002 Jo uoj] Jundiooy
uoged [eusre

Sustainability indicators proposed

oSN |[ellsjew snopJlezeH

s[elsa1eW/SPoob pasnay Jo asn

o &
*sod] pajquiasse sped
pasnal Jo laqunn

[ssew
10 Jun] spoob pasnay

Proposed Environmental indicators per publication.

Spoob painioejnueway o asn

[#] s1onpoud
painioejnueway

asn [elIv1eW 9|geMaUY-UOoU

Material Usage

asn [eldrewW a|qemausy

:s..:;s
1ad syun 1o "sod] sued|
a|qemaual Jo JagquinN

1.3.2.1.

asn [elsare|\ pajokaay

[06] [euayew pajokoay

1.3.2. Analysis step 2

uondwnsuo) [elR1\ 1ndu|

[65] 3ubram 3onpoid
[ew 1o w] azis 1onpoid

Sssew
40 U] pasn sfeualew
el JO uononpay

[nun/6]
:D:QE:W:OU [eusre

[ssa201d/6]
afesn [euarew mey

CRIVEIEIE M|

(€202 "'Ie 18 uew|aH)

(e20z *“re 10 Nqeys)

(ezoz *re 10 oubed)

(czoz *[e 1o uewzno)

(zzoz “re 18 nyz)

In this part, we identified which indicator category was studied in the research carried out in each article and the proposed indicator to effectively measure

it.

ssao0.d Buunioejnue

[elaua9

[eisus

|elaua)

uonesado

uonesado

33




ayey delos
o7 rToTeTeTToTToT
10 1yBiopn] paressush [ba 20D saseh asnoyuaaih [ba z0O 1oedw| pajesaush
[ba-200 6] 00 OHO J0 Junowe ejo] | 6] suoissiwa [e10) Jo abejuslad By] abueyd syewn;d | uoissiwg o 18N OHO JO JUNoWy

Jarem ‘ul I
— Se1SeMm Ul uoianpay

[Feak/awnion
J10yBram]
SUOISSIWS U1y [e101

[ba 11040
BY] suoissiwa Iy

[6%] suoissiwsa [e10}

[ba TT-040
6] uons|dap auozo

[3d] @sn pue

TrooTTeToTToT
ojul BuiBreyosip aisem|
pinbr Jo unowy

abejuaolad
uonehaibas aisem

a)sem Jo [esodsiq

707
131eMm ‘UoISSIWB Ire

T
1o uoy gw] abreyasiq
131BMBISBAN [B10 L

]
abreyasip 1ayem [ejo |

palanodal
a)sem Jo abeluadlad

[96] pajokoal aysem

TroTTTTooT
ojul BuiBreyosip aysem|
pinbr Jo junowy

[ba
+H 9jow] uonesyIpIdY

TroorreToTY
paresauab ajsem
PIIOS JO Junowe [e10 .

T
N ojow] uoneaiydong)
[eusaual

uoneIaUID
9ISeM PIIOS 19N

oo s
;usuod

snopuezey jo afesn

T
a)sem snoprezey

JO Junowe [ejo |

T e a ™
a)sem snopiezey
Jo abejuadiad

Ja1e/\
0} afireyasiq aIxoL

[6]
pasnal alsem [e10

Jun
paanpoud Jad aisem

[6x] a1sEM [E10 1

[reak/pi]
pajaAaai/pasnal
Jarem Jo junowy

uoneziuebio ay)
Aq pajakaai/pasnai
J1ayem Jo abejuasiad

[nun/7] Aususaiut 1arepn|

[reak/sian]
uondwnsuod (o] [l [ba plom serem uondwnsuod
T I TGN L uondwinsuod Jayem | axeulJslem [elol | ew] Aoseos Jsiem Jalem [e10]
TV
[um»i] uondwnsuod | 1o py] uondwnsuod | [[um] uondwnsuod [c] uondwnsuod [mun/m] uondwnsuo)
Ayous|3 JSTRINEETE] JSTRINETE]
T ST
[06] asn ABiaua ajqemaual
AB1aua ajgemauay 1o abejusoiad
[%] uondwnsuod
[%] @sn ABiaua €N 'SU0D seb feinieny | ABiaUS Sigemaua
S|qemausy-uou -uou jo abejusdiad
HuN/YA
[smwil !
10 B /yAvi] spun
98s/uopduInsucd uondwnsuod AB1aug
VWY
10 W] uondwinsuod [c] uondwnsuod [cw] (siissoy pue uondwnsuod

[uamvi] uondwinsuod

ABiau3 rejo |

ABiau3 reo |

[AB1aua) asn a2Inosay

ABiaua ejoL

T .
mel ‘1onpoud Jo
asnai pue Buljokoay

indur uwm:.m:um_u\aw_
Jo areys

oney [eusteiy
MeY ajokday/asnay

juauodwodponpoid
Jo abejussiad

5 ToToTV
[eLale a|qemaual
Jo uondwnsuod

1<<:
S[eualew ajgemaual
Jo abejuadiad

ST -
Mes ‘Jonpoud Jo
asnai pue Buiphoay

ndul pajoAoas
[e101 Jo abejuadiad

oney [eusleiy
Mey ajokday/asnay

ISE]
[6x]uondwnsuod [unwy/6] [reaApybrapn] B3} *SU0O JUEOLGT [6x] [3un/6] uondwnsuod
[euarely uondwnsuod alp S[euarew mey ndul [eusrew [e10} [eLarelN mey
. . (zz0e (zzoz . . (1202 “"[e 18 ‘Auoiuy . i
(z20z e 10 oul (2202 "1e 1 rewn3) | wydng % Aeqney) | “re 1o ‘sewrer ‘ues) | (€20 “1e 18 1ned) (zeoz "Te 1o lureg) | (1202 “fe 10 ufelreo) | yyg ‘reyeurems) [(T2OZ 1€ 19 Ipyelwen)
uonesado uonesado uonesado uonesado uonesado |elsua uonesado esaua uonesado

34



FooT T
[e101/papiWs 20D Jo
8]l MOJ} SSeu [e10 1

T
200) By] renuajod
Buiwrem eqojo

dMD [enusjod
Buiwrep reqo|o

T
saseb asnoyuaalb

[ba zoo
JO uonoely ssey

T T
10 swnjoA] Aysuaiul | zOD] suoissiwe 0D
6] abueyd aye

[ew/Bn] [P35 TT-030] [(b3
(033) sonsueioerRYd [ba T1-040 [sased renuajod uonadap | TT-040) B3] renusiod
Jo 6] uonnjjod a1y -au0zo ouaydsorens uona|dap auozo

SUOISSIWS ISneyxa 6] uonsjdep suozo

T oTT
pasn pue| Jo sanaw
pasenbs] asn pue

[oyap O Bof] asn puer

[sajonred

[nun/ba+H] renusiod
4o 6] uonnyjod Jayep u

Ip1oe onenby

T oy

ebejuasiad Jo 9ai16aq]|

sa)sem a|qejohoay
TV T

[6x/ew] prezey Jayem | enusjod AoIx01099

‘prezey fejuswuonaug|  onenbe suuep

T
[65] ssew aa-v't) 6] renusiod
@1sem pijos ayoads | A1121x01098 [elisale |

oo
21gna Jo/pure 6] [1y1]
sindino snosabueq Aysus)ul aseaal JIX0 |

Foow T FoP T
[e101/usN|YS JO 81el |j0 SaN8W 2Ignod Jo/pue|
MOJ} dLBWIN[oA [e1oL | 6] uonnjjod pueq

[owny/ssew] Aususiu
uonesauab aise

197em [e10}/I0TEM
[%0] pajokoai Buisn jo
obesn Jarem pajokoay obejuaniad Jo aaibaq]

J131em pajakoay

[lowny/ew] NV Jo arey
MO} JejowW [e10 | /197eM|
dn - ayew jo ajes
MO} DLIBWN|OA [e10 |

[indino
1onpoid/awnjon]
Ausuaiut sare

[ba
o e s cul o s
92IN0Sal JaTeM
e
lebejusoiad 1o sa16a(]| Xopul
ABiaus s|qemausy ABiaus-Ajiqemausy
[w/gw] uondwnsuod
seb [einjeu ayads
liowny/B] NV
9%%:%&%9 uu:uwﬂwﬁmcm_ cw“u\e_._pw_p‘wu 10 91el Mo} Jejow [By/e] Ausuanuy
- [e101/seb [einreu Jo

J13d Aouside ABisug Ausuayui ABisugz Romose oyoads 3701 MO}y SSEW (210,

uondwnsuod

1)
ABiaua ejo |

puewsp AB1aus [ejo |

[6%] induy sfeusyew

o sanaw 21gno Jojpu]
snopJezey Jo sse

-
[eLa1ew snoprezeH
6] sindu snosabueq

Jo uoniodold

xapul
leuarew-Ayjiqemauay

35

(T20z e 18 Buin)

‘olajnseD % elnpeA)

“'[e 18 BAODUBPIDD)

[Pa as 1O 91el MOj} Jejow
[andino G:uo.a\meE_ 6] :o:m_nmm Inosal |[elo1/s[euarew mel Jo fusuanr sse
usua| e U1 % |ISSO} ‘[RIBUIN | BYe) MOJ) Jejouw [ejo L
(tzoz (1202 , ,
(0202 “'[e 18 UeLED) (6702 “Te 10 UeUL) | o 15 jyredniy L) (6102 “1e 10 ynws) | (6102 “1e 10 eiyey)

uonesado

uonesado

uonesado

uonesado

uonelado

uonesado

ubisaqg

ubisaqg




[B>y/syred]
uonesauab deldos

uonnquisip
ul pasn AB1aua [ejo L

90UEISIP x [9S3IP WOJY
ABiaua paipoqug

[bazoo 1]
uoIssIwe HHO 10811g

T
UOISSIWA ZH SZH 0ZN
XON XOS 02 200

[ea1 jo B/9200
BY] suoissiwg OHO

OHO 10allpu|

Wd)
Jayew ajejnoied
SUOISSIWS XON

[63] suoissiwa [[e1aA0

[6x] xON
‘¥HD ‘20D Jo sse

pasn pue

SUOISSIWA 3SION

[ap] patessuab
3SIou JO [aAaT

uonnjjod asioN

Buibesoed

sfeuarew Buibexoed
Arepuodas/Arewtid

1113} JO Junoure
x oesAjod 6 00z
e ul AB1aua palpoquig

(%]
uonehalbas aisem

[ew] abreyosip
197eM JO SWN|OA [eJ0 |

191EM3ISEM [[eIBNO

alsem
pinbi| 2101 JO JUNOWY

‘Hd ‘siI0
‘spijos papuadsng

RIEITE]
pmnbi| jo BwnjoA

[1sem
PIIOS [€10} 4O Junowy

[63]
2)Sem pIjos Jo SSep

a)sem pijos
snop.ezey Jo Junowy

alse/ snoprezeH

pasnal
197eM Jo uonoelS

(6]
a)sem Jo Jybiam [elo L

T
3|qeWnSuod/feliarew
Mel Jo Ssepy

[96] wauwieas |
3|qeadel ] Yum alsepm

[ew] 1orem
pajokdail Jo awnjop

pajakoas
197eM JO UonoRlS

[un/]
CO_EF_:mCOU J8rem

[ew] umelpyym
Jalem JO SWNJOA [B10L

pasn Jarep\

J91EM [[BISAO

uonezijn 1ayem

[nunm] uondwnsuod
Jamod 211293

Ve
salbiaua a|qemaual
10 uondwnsuod

pasn ABiaua
a|gemauai Jo uonoelS

[uawil
salfi1aua [euonuaAUOd
10 uondwnsuod

pasn [an} [isso4

seb [einreny/jeany

uondwnsuod an4

[y
/sued] uondwnsuod
IETERINEETE]

[ea1 J0 Boy/CIN]
uondwnsuo) ABiaug

[um] uondwinsuod
ABisua [ejol

pasn AbBisua
O Junowe [ejo |

JAENENTETEYYe)

uondwnsuo) ABiaug

[%] erey
uononpold usal9

pasn
[euaew snoprezeH

Buiysem pue buiueajd
10} S[e2IWaYD

5o TroTeT
a|gemaual-uou
JO BWNJOA 10 1YBIBM

1..02,::
S[eLatew ajqemaual
JO BWNJOA 10 1yBIaM

L
ndui pajokoal
JO awn|oA Jo yBiapm

pasn [euatew
pajokoal Jo uonoei

[od 6] pawnsuod ]
‘ew ‘6] sreusrewjo pasn S[ELSTEW IS0 Sa|qewnsuod/feLalew [0T/sked] uondwnsuod uondwinsuos [eusten
awNjoAI0 JyBlam [el0] |  [eLarew mel el Mel JO Ssepy lo 8|gnjos x ABIaua paipoqui3
(6102 . . (LT0Z "l 318 (2102
(a6T0Z e 10 MeZ) | oo uembues) | (6TOZ “[e 18 PRWYY) | (6TOZ “[e 12 BSSW) | (BTOZ “Ie 19 03N |Knnay rewnsyrereys)| “e1e aybuiseunyy) | (LTOZ “le39NsH) | (ZT0Z “[e 18 ouajjaH)
uonesado IJENELS) ISENEL) uopnesado ubisaq uonesado \JENED) ISIENEL) IIEIEL)

36



saseb asnoyuaaio

T
pappy / suoissiwe
seb asnoyuaaib [ejo

TCUTF

o
AB1aua 213099

0 [ba-z00

L EENCE

3re[nonied pijos)

[anp suoissiwa uoged)|

6] arewo reqojo

TroorTe
-6 ] uononpai
uoissiwa ZOJ el

uog.ed palpoquIa

TC T
JUaLOdWO9/SUOISSIWS

10 pappaquwi3 uogued
w001 Ues|d
Uoissiwa snoases | Ut O pabreyasip | [MZzop] enjea psppy [baoTINd B ‘bag zdl[eyl Jo waisAs 1sneyxs) 181em
T SUOISSIWT JO JUNOWY |/ Jre 0] SUOISSIS €10 6] JeneWw arenaned 8y} Jo suoissiwg  [pue i0s ‘e Jo Auend
T
[ew.osuely/uorednaol
puet

asn

leuayew Buibesoed

S
Pa2NpoId I8remaise |
JO JUNOWe [ej0 |

ysaly jo Aiddns pue
Ayrenb jo uonoaloid

Jarem
puUE [10s ‘e jo Auend)

oo T
-N 6] uoneaiydonna
uoIssIwa pinj 1aremysald
[6]
MEEEE S0 10Je2IPUI BISEM PIIOS
¥
seoueIsqns Jo uononpoud
snoprezeH [enuue [ejo] [wdd] Anoxo
: A ooy TIZIRT oo IR
[ouy Ul paanpoud s1sep / 81sem Jo uononpoid Jarem
1O JUNOWe [10 | [enuue e1o1 pue [ios ‘Ire jo Aend
uononpoud jo yun Jed
pasn Jarem jo Anuend)
Dizopiou/eul]
Kep sad “an[eA pappy / [ew]
pasn Jajem jo Auend)| Ja1em jo uondwnsuod uona|dep/uondwnsuod)
: [enuue [ejo] JEICT
[uam] pawunsuod
ABiaua [eo1109|3
KBiaua [ejo] / ABisus
a|gemaual Jo [e10]
[cw] pawnsuod [ba-ji0 B3]
1en4 jo Aypuend uona|dap [any [isso4

uoISSIWd

ABiaus s1sEM

luauodwiod / yaw] 1ua|
[reak/aLN] :
uodwoo/uondwnsuod
{uaraiye ABiaua [e1o ] ABius
TV o
[mil . -uou ‘puewap ease uondwnsuod
asn ABiauz Jomod pajelsul fejo | S32N0S ABiaua feloL ABiaus saneINWND ABisus [e1o0 | ABisus oiseg
AB1aua s|gemaual
-uou jo uons|daqg
ToToT oo
pajoAoal pasn
10 1ua1U0d abeIUBdIAd
1ed e jo uononpoid Dizon] enfen
T A WA ay) oy [euare pappy / sfeuatew ba sajel uondwinsuod
J0 uondwnsuod [e101 | Jo uondwinNsuod el L -9 B uona|dep 18| a0Inosay
(L102 (L102 . (9102 (9102 . (9102
‘uooy g wiy 'g) | (LTOZ "Te I8 LBPEN) | 1o 1g epouewooyy) | (LTOZ “1e1034Sed) |wepep m ybuis d ‘d)| e 1o uesiombuy) | (9TOZ “Te18 USIND) | yepeyzefiren 3 1) | (9TOZ “1e 19 oueys)
sonsibo
uBisaqg lelsua IFJENEL) ubisag uBisag uonesado

uonelado

pue uonnguisia

uonesado

37



2
a1el delos pajejnwind

sanbjuyosy
Bunjoen Aiojuanu|
T =T TIVTOToT s
[enuajod suoissiwg [65 uoliw] papioae 1] 81942 a1 ayy ybnouy; [z00 10 1/6] suoissiwa
Buiwrepn reqo|o Sse9 asnoyuasl9 uoISSIWa ZOD [el0L suoissiwa 9HO  |6y] suoissiwg uogred
Tew/Bu]
nb Iy Isoluebiou| Aiojelidsay Stenanred papusdsns
[€10} JO UONEHUBOUOD
ooy T
sayis Buunoejnuew
) (20 1eBns Jo seae Jo arey| S ol
papuessl
sleuaely Buibexoed
spoylew
JusWeal) d)SeM
i) v
pabreyasia Aio1x01003 ay1 oy pabreyasip
J1arepn ai1se 1818\ Yysaliq Jarem Jo arey

romoTeTy :
a)sem snopuezey
-uou Jo arey

[w/6x]
a)sem snoprezeH

7 Fo—ororroT
10 pasodsip ajsem
snopirezey Jo ajey

papieds!
[euale 21SeMm

[pouad awn
Jad 6] e1sEM [R10 1

Aysua)ul sfenpisay

pasnay Ialepm

Ausuajur 1ayep

[ewnl
uondwinsuod Jarepm

uondwnsuoD Jarep

uondwinsuod Jarep

[umi] uondwinsuod

Fo e ooT
anrea1 uondwinsuod
Aiaoaje Jo ayey

[u mt
uol|jiw] pasn Abiaus
9|gemauaI-uou [ejo |

[yumvi] uondwinsuod

paisanu| ABiaug
Jad pauinmay Abisug

[usuodwooym]
uondwnsuo) Abisuz

[17] reak sadpassadoud|
|ued JO suuo) e 0}
aAnefas uonduinsuod
weals Jo arey

‘fiN] uondwinsuod
ABisus Arewnd

uondwnsuod
ABiau3 rejo

pue suoijenbal
abesn ABisug

uoN3eS [eLatew
eI SNOIOSU0D

1UBJU0ISAIUBISANS
InjuLreH
oo
ul pasn sfealepy
pajokoay/pasnay

s

ul pasn sfeae

ForroT

panuap ‘Buissasoidar

<oy

[euale|\ pajokoay

(9102 “Ie 10 opanH)

pajahaay/pasnay 1o abejuaiad
[6> puesnow] o
1onpoud J1ano Aysuayul fio1eag 321n0s3Y [dwoayny] (dwods D) uondope
[euatew Arewid uondwnsuod 1uejood uonoNpal 32IN0S
(9102 (9t0Z (510Z "B

“[e 18 aqeuelep)

(910Z *“[e 10 siqiz)

‘Ipegeqesy % 1YaISow)

(e9T0Z ‘e 10 J0URYg)

(9102 “Ie 38 wioq)

(9102 “'Ie 10 JAewnp3)

10 sedeuejeAsains)

(5T0Z 12 19 SjlreH)

uBisaqg

ubisag

uonesado

[elaua9

uonesado

uonesado

|elaua)

uonelsado

uonesado

38



pue 1onpoid au
WO SUOISSILS ZOD

TS
pappy / suoissiwe
seb asnoyuaaib [ejo

[e2026%] suoissiwa
seb asnoyuaain

(uoy) 20O rer0L

[urz00 6] fenusiod
Buiwrep reqojo

S
uononpoud ayy
WoJ} SUOISSIWS 20D

[4n3p] anjea pappy
/ Jre o) suoissiwa [eo1]

UOISSILUB IIY/

(uoy)
SUOISSIWS DOA [e10 1

T340
63] renuajod uonajdap
auozQ auaydsorens

uonezin pue

uonnjiod asioN

n/6x] pap.easip
a1ew Buibexoed

[ew] pabreyosip

(ew 000T) 4o71EM

131em dISeM pabreyosip [eo L
[enuajod o,
aiyenbe 0} A}191x0j003
(6] [uoy) ssew

paonpoud aisem pijos

JpUel-0}-81SBM [B10 L

21SEM pIOS [e10L

T

Jo uonanpouid

[enuue ejoL
TaTTATToTTeT EeRE
/ @1sem Jo uononpoid (uoy)

[enuue [ejo1 ndino jonpo.duoN 1500-18-2)SEM [JOL [35] s1sem [ejo

[ew] pasnal Jarem
bunjew] Ausuajui 11
Ausuayuy Jarepm !
[dn3/reakew]

|n[eA pappy /
Ja1em Jo uondwnsuod
[enuue [ejo

uonez|

n Jarem

[ew 000T)
abesn Joyem [e10].

[uMmi] Anowzoao ejo |

~ s
AB1aua s|gemaual
Jo uondwinsuod [e10 L

uondwnsuod [an4

pajuawaduul wouy
panes uondwnsuod
[EWEETRITEY

(UMW) 10 72 seb fel0L

Ausuau ABisug

Ausuayur ABreug

uondwnsuod ABiaug

[um] uoissiwa
ABiaua aysep\

(Umw)
abesn Abisus [ejo

[u/cx] uondwnsuod
ABiauad ejo

[umi]
uondwnsuo) Abiaug

[u/B>1] andur reerew
snopJrezey Jo sse|N

T
ul pasn sjeusew
pajokoalpasnay

ul pasn sjeLarew
pajokoaipasnay

uondwinsuod [euatep

[B3/B¥] Sene
pajuawa)duul
Woly panes sfeuslep

[u/63] uondwnsuoo
[eLarew 210

(sT02 . . (eToT .
“Je jo enouewooy) |(STOZ SIA® eULWY)[ (STOZ “fe1@ uel) | (bTOZ “feo ueiN) | (ZTOZ “1e 18 SB90N) | g 15 opessay-ziny) | (€202 "B 12 Esoqieg)
sonsifoT
ISENEL) uonesado uonesado ubisaq uonesado \JENED) pue uonnguisia

Table 4. Proposed Environmental indicators per publication
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To summarize the information presented in the table above the following graph was
developed:

Environmental Indicator quantity

45 40
40
33
35
28 28
30
25 21 70 20
20 16 16 15 15
15 11111110999
10 77766554
’ IIIIIIIII 332221
0 NN -
W c c VW S >T U U S E O >0 C O U YU F WY VU SV >V DU D
COOCO‘-’CUV‘“;;O_,G_-,’Wuﬁomﬂmmu’mg.gmt‘,Omt"”Ut’,m
28838882858 8¢88: 885 zaf82835:32¢8¢8¢%
2 ggiEgo g B33 FEOZEBZ2 LI REZ223E @322
& c & T T @®© - 9 v O T T
§225§25822s54%2%53233eegfgegigsatE S b
g ¢ @ 2 O U 0 o 8 © o c w 3 S © g & T ® oo - c 5 49 o
w 5 6 C o & A ;20.)._0 U o c €S £ 5 u = Ej:sc
© e 0w U o (V] v o @ el c @ ®© o = T 5
007G o222 2 %5 5 3 O = x S v 2 o v g 8 ¢ v g x @
= 22 -0 el 173 - S o = S 4 Q c 90 O > L © -
v © O €S O ®© © ) 2 © o ] O o g 2 o
w = P o o g c = 9 k= W o 5 O .= o = =] Q
S5 358%33 32°8%3%5 238 S5 E°EE £ T E 3
B - () — ©
Oa&;:og = w 2 8 = 5 = Y o 3 £ o S v £ o
< w £ o > 2 Q9 O ¢ O N 5 2 o 2 o
c = g o o g 9 xr O 2 & 9 S o = o 2
3 = < T w w o x T 5 o x X
5 S © - @ c roy
o N © c
o 2 c ] o = = o o
£ T 9 = < 9
]

Figure 10. Sustainability indicators: Environmental indicator quantity

From Figure 10, we can report that in 40 of the contributions, an indicator was proposed
for the category Greenhouse Gas Emissions, being the category with the highest number of
indicators proposed, followed by Input Material Consumption, Energy consumption and
Atmospheric emissions. This is in line with the results obtained in the Analysis 3.2.1.1. being

the same macro categories the most studied across the included contributions.

For Greenhouse Gas Emissions, one of the aspects that this analysis found was that for this
category, the proposed indicators might be called different, but they refer to the same
measurement. For example, Global warming potential (Huedo et al., 2016; Rahla et al., 2019;
Ruiz-Mercado et al., 2012a), Carbon Emissions (Bhanot et al., 2016b; Zhu et al., 2022) or
Greenhouse Emissions (GHG) (Lamjahdi et al., 2021b; Munasinghe et al., 2017; Tan et al.,
2015a; Watanabe et al., 2016), they're all assessed in terms of kg CO..

According to Huedo et al., (2016), the use of the indicator of Global warming potential is
directly associated the emissions of all greenhouse gases such as Sulphur Oxides,
Nitrogen Oxides, Methane etc. and is proposed as the most representative for evaluating
the environmental sustainability of buildings. On the other hand, for Bhanot et al., (2016b)
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the indicator proposed is Carbon Emissions, associated with carbon emissions caused by
the production of carbide inserts for the cutting operations, cutting fluids, raw materials
of the manufacturing operation and chips, as well as for the electricity used by the CNC
machine. By directly comparing the scope of these 2 proposals, we can observe how for
the first one the focus is contained in the site of operation, while for the second one it is
also considered the carbon impacts of the manufacturing of different consumables used

in the operation, as well as the source of the energy used.

Related to Greenhouse Gas Emissions we can also find Atmospheric Emissions but in this
micro category we find different types of indicators such as Air pollution [kg of gases]
(Trianni et al., 2019a), Mass of CO2, CH4, NOx [kg] (Mesa et al., 2019), Concentration of
total suspended particulate [mg/m3] (Sureeyatanapas et al., 2015), but a recurring one
found in 5 articles was Ozone depletion [kg CFC-11 eq] (Garrain et al., 2020, 2021), or
Stratospheric ozone-depletion potential [CFC-11 eq] (Rahla et al., 2019; Ruiz-Mercado et
al., 2012; Smith et al., 2019).

Some authors propose the use of atmospheric emissions indicators to measure the overall
impact of the operation such as Ozone depletion [kg CFC-11 eq] (Garrain et al., 2020,
2021). On the other hand, some authors propose a more specific indicator to measure the
direct output emissions of an operation like Mass of CO2, CH4, NOx [kg] (Mesa et al.,
2019). It is important to note the difference in application for both cases, the first one is
used in a Life Cycle Assessment while the second one is an evaluation of indicators

specific to the manufacturing stage.

For Input Material Consumption something similar was found: the most commonly
proposed indicator (even though it had different names) was in terms of Total Material
Consumption [kg] or Raw material consumption [kg/unit] (Amrina & Vilsi, 2015; Barni et al.,
2022; Firmino et al., 2022; Guzman et al., 2022; Kocmanova et al., 2015; Mesa et al., 2019;
Naderi et al., 2017; Ruiz-Mercado et al., 2012; Sharathkumar Reddy et al., 2017; Swarnakar
et al.,, 2021; Zhu et al., 2022).One resonant aspect worth mentioning is the use of the
indicator: Virgin material use (Kim & Moon, 2017), since it can be important in certain

types of industries, for example, in those that use recycled materials i.e plastics.

It is relevant to highlight the different advantages that can emerge from using an absolute
measure (Total Material Consumption [kg]) versus a specific measure (Raw material
consumption [kg/unit]). The absolute measure is generally simpler to implement and to

follow its evolution, and it is particularly useful for operations that do not suffer from
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changes over time. The value obtained is generally unique for the whole plant and is
directly linked to the amount of output generated, which can also make it useful for
seasonality analysis of the operation but can also render it harder to benchmark monthly,
especially if no historical data is available. Meanwhile, the specific measurement offers a
more detailed understanding of the process and can be implemented for each type of
product or service offered. If used ad hoc, we can have more visibility on the complexity
of each product, helping the company identify strengths and weaknesses in terms of
sustainability for the different processes used. It is also important to mention that the 2
types of measurement are, by no means, mutually exclusive and the same logic can be
applied to any indicator studied in this research where the 2 types of measurement were

proposed.

The above happened similarly also for Energy consumption were the indicator was fairly
standard called simply Energy consumption or Energy usage measured in [kWh] (Amrina &
Vilsi, 2015; Barbosa et al., 2023; Barni et al., 2022a; Cagno et al., 2023a; Chien et al., 2016;
Firmino et al., 2022; Gani et al., 2022a; Garrain et al., 2021; Helman et al., 2023; Huedo et
al., 2016; Lamjahdi et al., 2021b; Mani et al., 2014; Ruiz-Mercado et al., 2012a; Sangwan et
al., 2019a; Sharathkumar Reddy et al., 2017; Smith et al., 2019; Watanabe et al., 2016; Zarte
et al., 2019b; Zhu et al., 2022). And for Energy efficiency, there can mainly be found three
indicators, Energy consumption [kWh/kg or kWh/unit] (Bhanot et al.,, 2016a, 2016b;
Cerdancova et al., 2021; Kumar et al., 2022; Lucato et al., 2018; Munasinghe et al., 2017) ,
Energy intensity [energy/product output] (Ruiz-Mercado et al., 2012b; Smith et al., 2019; Tan
et al., 2015a; Valdivia & Castillejo, 2021) and Energy efficiency (Chien et al., 2016; Guzman
et al., 2022; Ming et al., 2021; Shabir et al., 2023).

Furthermore, there are many sources of energy a company can use like electricity, steam,
natural gas, fuel, cogeneration, geothermal, renewable energy such as wind, solar,
hydropower among others. But regardless of the energy type chosen, it is of high
importance to measure both the total energy consumption and the specific energy
consumption to keep under control the process and gain insights on the physics behind
them used to generate value. As stated by Kumar et al., (2022) “Energy consumption is
the key important metrics for industries.”

For Water Consumption, the widely used indicator refers to the Total Water Consumption,
(Amrina & Vilsi, 2015; Barni et al., 2022a; Favi et al., 2022a; Gani et al., 2022b; Harik et al.,
2015; Huedo et al., 2016; Ingwersen et al., 2016; Kocmanova et al., 2015, 2017; Lamjahdi et
al, 2021b; Mani et al., 2014, Moslehi & Arababadi, 2016; Sangwan et al., 2019a;
Sharathkumar Reddy et al., 2017; Smith et al., 2019; Song & Moon, 2019; Valdivia &
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Castillejo, 2021; Zarte et al., 2019b) what varies among them is the time frame evaluated
(day/month/year). Typically, for the different time frames we have different output
purposes. For the short term such as day, we have a more detailed behavior of the process
allowing the company to focus on correcting deviations on the consumption rate. For the
month time frame companies can directly associate a cost for the utilities bill, while for
the year time frame companies present them as sustainability goals or results.

Regarding Waste generated, the most mentioned indicator is Total waste [kg] (Barni et al.,
2022a; Edtmayr et al., 2016; Naderi et al., 2017a; Shabir et al., 2023a; Zarte et al., 2019b)
among the other indicators found is worth mentioning Waste generated intensity
[mass/time] (Harik et al., 2015; Valdivia & Castillejo, 2021). The importance of waste is
determined by the type of waste and the type of industry where the analysis is being
performed. For example, it is of great importance for Shabir et al., (2023a) and is a top
priority, studied in a comprehensive way since their research is done in a food processing
system. While for Valdivia & Castillejo, (2021), the generation of waste is an extra
characteristic to be looked at when evaluating a company’s sustainability.

Referring to Non-Renewable Energy Use the indicators can be found in general terms Non-
renewable energy use for production [unit of energy] (Barni et al., 2022a; Cagno et al., 2023a;
Erbis et al., 2016; Gani et al., 2022a) or more specific ones such as Natural gas consumption
[m3/km] (Ahmad et al., 2019b; Cerdancova et al., 2021; Favi et al., 2022a) or Fossil fuel
depletion [kg oil-eq] (Ingwersen et al., 2016; Sangwan et al., 2019).

Continuing with Solid Waste this is also a micro category measured mainly in general
terms as Amount of total solid waste (Gani et al., 2022a; Mesa et al., 2019; Ruiz-Mercado et
al., 2012a; Sangwan et al., 2019a; Shabir et al., 2023b; Singh & Madan, 2016; Song & Moon,
2019; Tan et al., 2015a). Even though the proposed indicator is the same, some differences
can be found relating to how they are approached depending on the context where they
are. For Mesa et al., (2019) this indicator is directly measured as the loss of raw material
during manufacturing to further control and improve it. While for Ruiz-Mercado et al.,
(2012a) the focus is on totaling amounts of different types of waste and then assessing the
environmental and economic impact of handling them.

Following Solid waste, we can find Hazardous Waste Generation, which can be considered
one of its subdivisions. This micro category is also measured mainly in terms of mass:
Hazardous waste [unit of mass] (Ahmad et al., 2019b; Cagno et al., 2023b; Gani et al., 2022a;
Huedo et al., 2016; Kocmanova et al., 2015, 2017; Sangwan et al., 2019a) but also in terms
of Toxic release intensity [TRI] (Pask et al., 2017; Smith et al., 2019; Swarnakar, Singh, & Tiwari,
2021b). Naturally, depending on the context each company belongs to, they are prone to
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different types of pollutants and wastes according to their operations. We mainly find
differences in the indicators proposed and how they were implemented following their
specific conditions. The severity of the environmental impact is dictated by the type of
waste generated, which in effect renders this indicator either of extreme or very low
importance.

For Emission of wastewater, it was found that it is measured quite standardly in terms of
Total volume of water discharge [m3] (Barni et al., 2022a; Gani et al., 2022a; Mani et al., 2014;
Naderi et al., 2017a; Sureeyatanapas et al., 2015; Tan et al., 2015a; Watanabe et al., 2016;
Zarte et al., 2019b)

Regarding Recycled Material use it is worth highlighting that the indicators proposed agree
that it should be measured in a ratio: Percentage of total recycled input materials (Barni et al.,
2022a; Cagno et al., 2023b; Harik et al., 2015; Kocmanova et al., 2017; Sureeyatanapas et
al., 2015; Swarnakar, Singh, & Tiwari, 2021a; Tan et al., 2015a; Watanabe et al., 2016; Zarte
et al.,, 2019a). For Swarnakar, Singh, Antony, et al.,, (2021b) and (Barni et al., 2022a), the
focus was on providing as much information and analysis as possible for manufacturing
industries where recycling is particularly relevant and feasible. While for Watanabe et
al., (2016) the focus was to evaluate the performance of a new industrial business model,
mentioning the use of the Recycled Material use, but not necessarily on providing tools to
improve it.

For Water Use Efficiency, all contributions that proposed an indicator talk about Water
intensity [volume/product output] (Gani et al., 2022a; Guzman et al., 2022; Helleno et al,,
2017; Mangili & Prata, 2020; Ruiz-Mercado et al., 2012a; Song & Moon, 2019; Tan et al.,
2015; Valdivia & Castillejo, 2021; Watanabe et al., 2016; Zhu et al., 2022).

Instead, for Liquid Waste, two sources measure it generally as Amount of Liquid waste
discharging into water [liters/year] (Gani et al., 2022a; Sangwan et al., 2019a), and other
specific indicators are proposed such as Marine aquatic ecotoxicity potential [kg (1,4-DB eq)]
(Rahla et al., 2019) or Freshwater eutrophication [kg N-eq, kg P-eq] (Ingwersen et al., 2016).
Here, the main difference between them is in what the indicator is measuring, for the first
one, the output is being measured in absolute terms (quantity/time). While for the second
one it is measured the total net effect of the output, disregarding the quantity. It is
important for companies to correctly choose what to measure since it can have different
implications and action plans related to which one is being communicated.

Electricity consumption was another indicator where all the contributions talking about it
measured it in the same terms: Electricity consumption [kWh]] (Barni et al., 2022a; Chaubey
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& Gupta, 2022; Dorn et al., 2016; Favi et al., 2022b; Gani et al., 2022a; Helleno et al., 2017;
Mani et al., 2014; Singh & Madan, 2016; Sureeyatanapas et al., 2015; Swarnakar, Singh, &
Tiwari, 2021a). Differences arise between them when analyzing the source of the
electricity, which is when they also start to propose the differentiation of indicators as
seen in Renewable Energy use and non-Renewable Energy use.

This was similarly found for Renewable Energy use since it is measured by all contributions
in terms of percentage: Total of renewable energy / Total energy sources. (Barni et al., 2022a;
Cagno et al., 2023b; Gani et al., 2022a; Kocmanova et al., 2015, 2017; Sangwan et al., 2019a;
Smith et al., 2019; Trianni et al., 2019a; Zarte et al., 2019a)

The same also for Recycled/Reused Water were the commonly used indicator was Recycled
water usage [%] (Barni et al., 2022b; Gani et al., 2022a; Sangwan et al., 2019a; Tan et al.,
2015b; Trianni et al., 2019a; Valdivia & Castillejo, 2021; Watanabe et al., 2016)

Likewise for Land use as well, where the shared indicator was Land use [Squared metres of
land used for the plant] (Amrina & Vilsi, 2015; Garrain et al., 2020, 2021; Harik et al., 2015;
Ingwersen et al., 2016; Moslehi & Arababadi, 2016; Sangwan et al., 2019; Trianni et al.,
2019Db).

Instead, for Use of Reused goods/materials, there are different type of indicators, Reused
goods [unit of mass] (Cagno et al., 2023b), Number of reused parts assembled [pcs. or units per
product] (Helman et al., 2023) or Reuse/Recycle Raw Material Ratio (Swarnakar, Singh, &
Tiwari, 2021a). Meanwhile, Hazardous Material Use was mainly measured in terms of Mass
of hazardous materials input [kg] (Ruiz-Mercado et al., 2012a; Sangwan et al., 2019; Smith et
al., 2019; Valdivia & Castillejo, 2021).

Moreover, for Waste/wastewater disposal, two of the sources share the Waste Segregation [%]
indicator. (Helleno et al., 2017; Swarnakar et al., 2021a). Whereas in Green Packaging two
main indicators can be found Packaging material use(Song & Moon, 2019) or Packaging
Materials Discarded (Tan et al., 2015a; Watanabe et al., 2016).

In contrast, Transportation and Logistics, which is a subcategory that does not belong to
any of the clusters, has 5 different indicators proposed: Use of low-emission transport [%]
(Helman et al., 2023), Transportation [quantity of volume] (Cagno et al., 2023), Total energy
used in distribution (Sangwan et al., 2019), Embodied energy from diesel x distance travelled
(Munasinghe et al., 2017), Inventory tracking techniques (Harik et al., 2015), CO2 emissions
from the product and materials transport activities, measured [kgCO2eq] (Barbosa et al., 2023).
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Regarding Renewable material use the indicators that we can highlight for it are: Percentage
of renewable materials used (Barni et al., 2022) and Weight or volume of renewable materials
(Zarte et al., 2019b) [kg, m3, pc]. Meanwhile when speaking about Recyclable waste it
was shown to be measured in two ways: Waste recycled [%] (Barni et al., 2022a; Gani et al.,
2022a; Trianni et al., 2019a) or Waste recycled [unit of mass] (Cagno et al., 2023b; Helman
et al., 2023).

Furthermore, Noise pollution which is studied in both the environmental and social pillar,
in this case is measured in terms of Level of noise generated [dB] (Amrina & Vilsi, 2015; Mesa
et al., 2019; Sangwan et al., 2019; Sharathkumar Reddy et al., 2017). This indicator can
have an impact in both a social and environmental aspect, most research’s categorized it

as a social indicator.

In reference to Eco-friendly materials, we have three different indicators: Material carbon
footprint [ton of CO2 or CO2e] (Helman et al., 2023), Green Production Rate [%] (Helleno et
al., 2017), and Conscious raw material selection (Harik et al., 2015). In contrast to Quality (the
other micro category that doesn’t belong to a cluster) that all three contributions agree on
the same indicator Scrap generation [parts/kg] (Edtmayr et al., 2016; Lucato et al., 2018;
Swarnakar, Singh, & Tiwari, 2021a)

Finally, the categories with the least number of indicators proposed were non-Renewable
material use where two indicators can be found: Weight or volume of non-renewable materials
kg, m3, pc] (Zarte et al., 2019b) and Depletion of non-renewable energy resources (S. Kim &
Moon, 2017). Use of Remanufactured goods, where there are Remanufactured products [#]
(Cagno et al., 2023) and Percentage of product/component recovered (Gani, James, et al., 2022).
Reused waste with Total waste reused [kg] (Barni et al., 2022) and Fraction of water reused
(Sangwan et al., 2019) and lastly Reused energy usage with the namesake indicator Reused
energy [unit of energy] (Cagno et al., 2023).
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To summarize the information presented in the table above the following graph was

developed:
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Figure 11. Sustainability indicators: Social indicator quantity

In Figure 9, we can observe that in 19 of the contributions, an indicator was proposed for
the category Training/Development, being the category with the highest number of
indicators proposed, followed by Health & Safety and Working conditions. It's worth
highlighting that against the Analysis 3.2.1.2. This time the micro category Health & Safety
occupies second place.

For Training/Development some of the proposed KPIs were in terms of time Average hours
of sustainability training (Naderi et al.,, 2017a; Tan et al., 2015a; Trianni et al., 2019a;
Watanabe et al., 2016 or in qualitative terms Safety training [#, qualitative] (Cagno et al.,
2023b; Kumar et al., 2022; Sureeyatanapas et al., 2015). For this indicator, no specific
training program or tool was mentioned. Nevertheless, it can be inferred given the
frequency of appearance and usage of this indicator that it is given a high importance for
sustainability, but the implementation and control of it is fairly simple. As seen in Table
5, all publications that appear in this category refer to the number of hours of training for
employees, some more specific than others. For example, for Watanabe et al., (2016) the
proposed indicator is Labour Training in sustainability, while for Naderi et al., (2017a) a
more general N° of training hours required for the job is used.
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For Health & Safety different indicators were found but is worth highlighting Biological,
chemical, physical, ergonomic, safety hazard exposure risk [1-5 scale] (Mesa et al., 2019), Medical
health checkup and safety [Nos] (Kumar et al., 2022), and N° of hours of training in safety and
health [h] (Naderi et al., 2017). Since many things can negatively affect a worker’s health
and safety, we find a wide range of different indicators in this category. Some propose
measure of reported cases as seen in Sangwan et al., (2019a) Reported customer health and
safety issues. Others take a different approach by measuring the number of health and
safety checks performed to employees Medical health checkup and safety [Nos] (Kumar et
al.,, 2022). Others, such as Ahmad et al., (2019b) follow a general approach by proposing
Workers” health and safety. Risks are naturally bound to the specific activities performed by
companies, and an extensive analysis of the risks is needed to correctly assess a
companies sustainability.

Similarly for Working conditions where there are indicators as Workload (Ahmad et al.,
2019), Fresh air index [Number ] (Kumar et al., 2022), and Time of employees working at risky
workplaces [h] (Zarte et al., 2019b). We find in these publications that special attention is
given to the working environment in order to reduce accidents, maintain a worker’s

health and increase productivity.

In contrast for Work Accidents a main indicator was found Number of accidents [#] (Ahmad
et al., 2019b; Amrina & Vilsi, 2015; Cagno et al., 2023b; Helleno et al., 2017; Kumar et al.,
2022; Sharathkumar Reddy et al., 2017; Swarnakar, Singh, & Tiwari, 2021a; Watanabe et
al., 2016). This indicator is relevant to the company’s operations as it “directly affect the
productivity of the manufacturing process”(Helleno et al., 2017). All publications
proposed the same general indicator to track work accidents, although several categories
of accidents and incidents exist, none made the distinction and kept the general indicator
as a comprehensive measure of workplace safety.

The micro category Labor equality was found to be mainly referring to Number of women /
Average number of employees [%] (Amrina & Vilsi, 2015; Cagno et al., 2023b; Harik et al.,
2015; Kocmanova et al., 2015, 2017; Sangwan et al., 2019a; Sharathkumar Reddy et al.,
2017; Swarnakar, Singh, & Tiwari, 2021a). Meanwhile for Wage Level/Economic Benefits
different indicators were found such as Staff incentives /commission/ benefits (Swarnakar,
Singh, Antony, et al., 2021), Job satisfaction level [salary, incentives and workload] (Bhanot et
al., 2016) and Average salary (Harik et al., 2015). Different approaches can be observed
between them, but the general idea is for the company to keep an eye on providing equal
opportunities for all their employees. This can be done in many different ways, the most
recurrent one being first on employee gender ratio and job satisfaction.
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A main indicator was found for Employee satisfaction, which was Level of employee
satisfaction (Ahmad et al., 2019b; Bhanot et al., 2016c; Kumar et al., 2022; Lamjahdi et al.,
2021a; Sangwan et al., 2019b; Swarnakar, Singh, Antony, et al., 2021; Watanabe et al.,
2016). Similarly for Employement/ job opportunity were the main indicator was Number of
jobs created (Cagno et al., 2023b; Kumar et al., 2022; Sangwan et al., 2019a; Trianni et al.,
2019b). Talent retention can be particularly important in contexts where the workers’ skill
highly influences the output of the company. As part of this idea, many authors propose
the Employee satisfaction as an indicator to keep track of, as well as to guarantee long-term
operations.

Pertaining Social investments, it was found to be measured in terms of Societal investment
[Degree or percentage of annual budget to investment in society] (Ahmad et al., 2019b; Harik
et al., 2015; Lamjahdi et al., 2021b; Trianni et al., 2019a). The presence of this indicator is
to track and foster the continuous investment in social well-being, either directly with the
employees or with local communities. This approach aligns with the broader goal of
promoting workplace safety and corporate responsibility, emphasizing the nature of
sustainable and socially responsible business practices.

The same for Customer complaints where the main indicator was N° of customer complaints,
and claims or questions (Naderi et al., 2017a; Sureeyatanapas et al., 2015; Tan et al., 2015a;
Watanabe et al., 2016). This happened also for Turnover which was measure in Annual
employee turnover rate [%] (Helleno et al., 2017; Hsu et al., 2017; Kocmanova et al., 2015,
2017; Li & Mathiyazhagan, 2016; Sureeyatanapas et al., 2015; Swarnakar, Singh, & Tiwari,
2021a).

Moreover, Absenteeism was measured either in Lost workdays [Days] (Cagno et al., 2023b;
Tan et al., 2015a; Watanabe et al., 2016) or Absenteeism ratio (Helleno et al., 2017; Sangwan
et al.,, 2019a; Swarnakar, Singh, Antony, et al., 2021b). Tracking absenteeism in a company
is crucial to manage productivity, control costs, and monitor employee well-being. It
ensures compliance with leave policies and labor laws while revealing trends or
underlying issues. Addressing absenteeism can improve employee engagement, safety,
and overall workplace satisfaction.

For Customer satisfaction the main indicator was Customer satisfaction [%] (Ahmad et al.,
2019b; Kumar et al., 2022; Sangwan et al., 2019a; Thirupathi et al., 2019). They all suggest
to keep track of the customer in a comprehensive way, taking care of clients to ensure
future operations.
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Finally, the categories with the least number of indicators proposed were Work-related
injuries measured in Injuries [#] (Ahmad et al., 2019a; Cagno et al., 2023b; Lamjahdi et al.,
2021b, Noise pollution with Noise Level [dB] (Ahmad et al., 2019b; Helleno et al., 2017;
Lucato et al.,, 2018) and Corruption that proposes Fight against corruption [Degree or
percentage] (Ahmad et al., 2019a; Kocmanova et al., 2017; Trianni et al., 2019a) .
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Table 6. Proposed Economic Indicators per publication

59



To summarize the information in the table above the following graph was developed:

Economic Indicators quantity
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Figure 12. Sustainability indicators: Economic indicator quantity

From Figure 12, we can report that in 18 of the contributions, an indicator was proposed
for the category Operating cost, being the category with the highest number of indicators
proposed, followed by Energy cost, Labor cost and Input material cost. These categories at
the same time can be all sub-divisions of Operating cost.

For Operating cost almost all of the contributions propose an indicator in monetary terms,
called Operation costs [€] (Ahmad et al., 2019b; Erbis et al., 2016; Favi et al., 2022a; Helleno
et al,, 2017; Lamjahdi et al., 2021b; Moslehi & Arababadi, 2016; Pask et al., 2017; Sangwan
et al.,, 2019a; Swarnakar, Singh, & Tiwari, 2021a; Tan et al., 2015a; Watanabe et al., 2016;
Zarte et al., 2019a) or Total production cost [million $] (Bhanot et al., 2016b; Erbis et al., 2016;
Kim & Moon, 2017; Ruiz-Mercado et al., 2012a; Smith et al., 2019), The only resonant
indicator found is in terms of Reduction in manufacturing [cost/part] (Kumar et al., 2022).
This indicator has typically always been present in companies as a fundamental key
aspect in economic management. It includes different expenses necessary for the day-to-
day operations, such as labor, utilities, maintenance, and materials. Monitoring this cost
is crucial for cost control, budgeting, and to identify critical areas for improvement. Most
proposals measured it as a total absolute value while Kumar et al., (2022) proposed to
measure the reduction of it per unit.

For Energy cost: there is a general indicator as well, Total energy cost [$] (Bhanot et al.,
2016a; Huedo et al., 2016; Mesa et al., 2019; Smith et al., 2019; Tan et al., 2015a; Trianni et
al., 2019a; Watanabe et al., 2016) with two specific ones Fuel price volatility (S. Kim &
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Moon, 2017) and Cost of the Power of Energy consumed for each section [€/KWh)] (Naderi et
al., 2017). The existence and use of this type of indicator underlines the importance of any
operation to become more efficient, it serves as a reminder that it not only conserves

resources but directly impacts the company’s profitability and long-term sustainability.

Similarly for Labor cost, a commonly used indicator is used: Labor cost [unit of currency]
(Ahmad et al., 2019b; Amrina & Vilsi, 2015; Cagno et al., 2023b; Lamjahdi et al., 2021b;
Mesa et al., 2019; Sharathkumar Reddy et al., 2017; Swarnakar, Singh, & Tiwari, 2021a;
Tan et al., 2015a; Watanabe et al., 2016), it can be highlighted Cost per hour of the RR.HH.
staff [€/h] (Naderi et al., 2017), and Rate of expenditure on employee training and education per
ton of sugar produced per year [Monetary unit/t] (Sureeyatanapas et al., 2015), as specific
indicators. In most contexts, labor cost is often one of the highest components of the
operating cost. In labor-intensive industries such as clothing or food, it becomes relevant
to keep track of the labor cost so that a better workforce allocation and expenses control
can be achieved.

Meanwhile for Input material cost, the indicator proposed starts to diversify depending on
the type of industry that developed the research, hence there is a general indicator
Material cost [$] (Ahmad et al., 2019b; Amrina & Vilsi, 2015; Kim & Moon, 2017; Lamjahdi
et al., 2021b; Naderi et al., 2017b; Sharathkumar Reddy et al., 2017; Tan et al., 2015a;
Watanabe et al., 2016) and industry specific costs like: Concrete binder cost [€] (Rahla et al.,
2019), Metal depletion [$] (Ingwersen et al., 2016), Oil and water cost (Bhanot et al., 2016). It
is worth mentioning that, as seen in Figure 12, the first four most studied indicators
belong to the Cost analysis cluster. Although most researchers treated material cost as a
general indicator, some used it as a way to assess sustainability for the design and
strategic use for product family manufacturing as seen in Kim & Moon, (2017).

Continuing with Investments for sustainability, it was found as Total investments for
environmental protection / Added value (Kocmanova et al., 2017), Investment costs [€/m2]
(Huedo et al., 2016) or Initial costs [$/kW] (Moslehi & Arababadi, 2016). As for the Social
Investments, this indicator helps to foster and track all monetary investments aimed at
maintaining or improving any aspect of the company’s sustainability, including newer
machinery, or infrastructure, among others.

Furthermore, Profit was found either in terms of Total profit [unit of currency] (Cagno et al.,
2023a; Kim & Moon, 2017; Sangwan et al., 2019a; Sureeyatanapas et al., 2015) or Net profit
(Lamjahdi et al., 2021; Tan et al., 2015a; Thirupathi et al., 2019). Whereas Cost of Capital
which belongs to the Investment analysis cluster, aroused the main indicator of Return on
investment (Hsu et al., 2017; Kim & Moon, 2017; Li & Mathiyazhagan, 2016; Ruiz-Mercado
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et al., 2012a; Sangwan et al., 2019a; Tan et al., 2015a). Going forward, for Revenues it is
worth highlighting the Revenue from eco-products [$] (Ruiz-Mercado et al., 2012a; Smith et
al., 2019)as well as Total Revenues (Cagno et al., 2023b).

Profit and revenue have always been fundamental indicators driving companies forward.
Profit incentivizes businesses to manage all costs efficiently and innovate their operations
to maximize returns. Revenue reflects market demand and growth potential. Both metrics
influence strategic decision-making and investments. The success of companies is often
correlated with their ability to strategically manage these 2 indicators, adapting to

changing context in markets and economic conditions.

For Quality, which was also analyzed in the Environmental division, pertaining to this
cluster, a main indicator was found Product quality Rate of customer complaints [units/unit
time] (Lamjahdi et al., 2021b; Pask et al., 2017; Trianni et al., 2019a) along with specific
ones such as Amount of scrap [%] (Helman et al., 2023), or Defect per unit [ppm] (Thirupathi
et al., 2019). Scrap rate is often measured at an economic level. As seen during this SLR,
it was proposed 9 times at an economic level versus 3 times at an environmental level.
Regardless of at what level it is proposed, the general purpose remains the same: to
monitor and control the quality rate of manufacturing.

Going back to Cost analysis, for Logistics/Transportation cost, it was found with different
indicators such as: Transportation cost (Kim & Moon, 2017; Sangwan et al., 2019a) as a general
one, but also Transportation efficiency ratio (Swarnakar, Singh, Antony, et al., 2021), Rate of
one time delivery (Lamjahdi et al., 2021) and Cost of removal of Packaging [€/Kg] (Naderi et
al., 2017). Different aspects of the logistics system were considered. Predominantly,
transportation costs were proposed the most with some proposals in a more detail level
such as Rate of one time delivery.

For R&D expenditure consensus was found as it is measured generally as R&D investment
[unit of currency] (Ahmad et al., 2019b; Cagno et al., 2023b; Harik et al., 2015; Lamjahdi et
al., 2021; Sangwan et al., 2019; Tan et al., 2015a). R&D is mentioned 23 times and proposed
7 times, which underlines the importance of it. As seen in Harik et al., (2015), it plays a
critical role in leading to the development of more efficient, eco-friendly, and sustainable
products and processes. Most proposals were general, as amount of currency dedicated
to R&D while others such as Trianni et al., (2019) and Sangwan et al., (2019) propose a
more specific measurement of Product development cost [ Percentage of annual budget to R&D]
and Investment in new services and products respectively.
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In contrast, for Machine/Equipment Performance, different indicators were found Material
removal rate [cm3 /s] (Bhanot et al., 2016a, 2016b) , Production Efficiency [%] (Pask et al.,
2017), Cycle time [Parts/h] (Lucato et al., 2018) or Total processing time [h] (Naderi et al.,
2017). Differently, in the same cluster for Maintenance cost a main indicator was found as
Maintenance cost [unit of currency] (Ahmad et al., 2019b; Cagno et al., 2023a; Huedo et
al., 2016; Moslehi & Arababadi, 2016; Sangwan et al., 2019a). Regarding Product cost, there
is an indicator proposed measured in general terms Total product cost [$] (Helleno et al.,
2017; Mesa et al., 2019; Ruiz-Mercado et al., 2012a; Smith et al., 2019) , and Product costs
[$/unit] (Bhanot et al., 2016a; Trianni et al., 2019a). And for Inventory cost, there is a general
indicator Inventory cost [unit of currency] (Amrina & Vilsi, 2015; Cagno et al., 2023b;
Helleno et al., 2017; Sharathkumar Reddy et al., 2017).

Similarly, as seen before, for the previous indicators we find a difference in scope in the
proposals identified. They each serve a different purpose and they depend on at what
level was the analysis built. For example, we can identify in Bhanot et al., (2016a), the use
of a very process specific indicator Material removal rate [cm3 /s] while in Lucato et al.,
(2018) we find Cycle time [Parts/h]. It is particularly important for the framework proposal
of this research to highlight how for the same category of indicators, we can find such
different scopes and detail level in the proposals.

Finally, the categories with the least number of indicators proposed were Payback period
with Payback period [years] (Ahmad et al., 2019b; Mangili & Prata, 2020; Ruiz-Mercado et al., 20123;
Smith et al., 2019), Water cost: Total water cost (Ruiz-Mercado et al., 2012) and Lead time: Lead
time [unit of time] (Barbosa et al., 2023; Cagno et al., 2023b; Trianni et al., 2019a). Lastly, it
is worth highlighting that in both the analysis Analysis 1 and 2, there is a coherence
between the most studied categories and the categories that have the highest quantity of
indicators proposed.

4. Discussion and framework proposal

As a result of the SLR, it was found that there is a significant number of indicators used
by the manufacturing industry in the extant literature, some are relevant for a specific
industry while others are general and can be adapted to a wider range of companies. As
a result, this thesis would like to propose a guideline to assess a company in terms of
sustainable manufacturing, establishing a framework is important for several reasons:

e Environmental Impact and Resource Efficiency: Sustainability indicators measure
and monitor a company's environmental impact, such as input material
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consumption, carbon emissions, energy consumption, and waste generation. By
tracking these indicators, companies can identify areas for improvement and
create action plans accordingly to increase their efficiency and thus reduce their
ecological footprint. This leads to cost savings, reduced waste generation and
minimize natural resources depletion.

Regulatory Compliance: Industries are often subject to environmental regulations
and reporting requirements. Monitoring sustainability indicators can help
companies remain compliant with these regulations, avoiding potential legal and
financial risks.

Reputation and Branding: Consumers and stakeholders increasingly value
environmentally and socially responsible businesses. Implementing sustainability
indicators and demonstrating progress can enhance a company's reputation and
attract eco-conscious customers. (Medne & Lapina, 2019).

Risk Management: Sustainability indicators can help identify potential future
risks, either in the short or long term, related to environmental, social, and
economic factors. Companies can proactively address them to avoid negative
impacts on their operations and profitability.

Innovation and Competitiveness: Adopting a sustainability mindset encourages
companies to innovate and develop new technologies, products, and processes to
enhance their competitive advantage by meeting evolving market demands.
Employee Engagement: By implementing and following social and environmental
indicators, companies can demonstrate their commitment with society thus
fostering employee engagement and satisfaction.

Moreover, the framework has the need to be adaptable because as Murad et al., (2021)

narrates, in the manufacturing industry there is the need for the sustainability assessment

to be able to adapt to the need and size of the institutions, so they can be measured on:

Corporation level, production process levels and production line and plant levels. For

example, across this literature review other proposed frameworks were found but they

had some limitations, for example the one from Lucato et al., (2018) considers one

manufacturing equipment that has unusual characteristics.

The proposed framework suggests a series of steps:

1. Identify Key Categories: Which translates to identifying the areas that are relevant

to the specific industry to be measured such as energy consumption, waste

management, financial performance, workplace and employee well-being.
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2. Select the indicators: Identify the specific measurable indicator for each category

for example: Hazardous materials used [unit of mass / unit produced] or Energy

cost [unit of currency / unit of time]

To facilitate this process, a table was developed and was constructed as follows:

First, we analyzed Tables 4, 5 & 6, which show the proposed indicators for each category.

Next, we discarded categories with indicator frequencies within the first quartile. From

the remaining categories, we selected an indicator for each one. This choice was based on

either the most frequently mentioned indicator or one that could be applied across a

broader spectrum of sectors (i.e., not specific to one industry). This approach ensures the

framework's versatility for adoption and customization within any manufacturing

industry.

Each proposed indicator is accompanied by its corresponding unit of measurement,

aiming for generality and adaptability (i.e., Unit of Currency), making it easier to adjust
gtorg y p y ( y) g ]

the framework to different countries or industry sectors as needed.

Proposed indicators

Environmental

Input Material
Consumption

Raw Materials Consumption
Rate [unit of mass / unit
produced]

Consumables Utilization
Rate [unit of mass / unit
produced]

Recycled Material Use

Percentage of Recycled
Materials used [100* mass of
recycled raw material / total

Material mass of raw materials used)]
Usage
Use Of Reused Reused/recycled materials used
Goods/Materials [unit of mass / Unit produced]
Hazardous Material Hazardous materials used [unit
Use of mass / unit produced]
Eneray Consumbtion Total Energy consumption [unit
oy P of energy / month]
- Energy consumption rate [unit of
Energy Efficiency energy / unit produced]
Energy

Consumption
and Efficiency

Non-Renewable Energy
Use

Total non-renewable energy use
[unit of energy / month]

Renewable Energy Use

Total Renewable Energy use
[unit of energy / month]

Electricity Consumption

Total Electric Energy
Consumption [unit of energy /
month]

Water Usage
and Efficiency

Water Consumption

Total water consumption rate
[unit of volume / unit of time]
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Water Use Efficiency

Water consumption efficiency
[unit of volume / unit produced]

Recycled/Reused
Water

Percentage of recyced/reused
water [%)]

Waste Generated

Total waste generated [unit of
mass / month]

Hazardous Waste

Total hazardous waste [unit of

Generation mass / month]
. total solid waste [unit of mass /
Waste Solid Waste unit of time]
Management
Liquid Waste total liquid waste [unit of volume
/ month]
Waste/Wastewater Waste segregation [total mass
. of waste segregated / total mass
Disposal
of waste produced]
Land Use Total land use [unit of area]

Environmental
impact

Atmospheric Emissions

Total Air emissions [kg CFC11
eq / unit of time]

Greenhouse Gas
Emissions

Greenhouse Gas Emissions [t
CO2eq / unit of time]

Transportation

Transportation And

Total energy used in distribution

Total carbon emissions from
transportation [kg CO2-eq /

And Logistics Logistics [unit of energy / month] month]
Financial Revenues Revenues [unit of currency]
performance
Profit Profit [unit of currency]
Cost of Capital Capital costs [unit of currency]
Investment
analysis Research and Development
R&D expenditure expenditure [unit of currency /
unit of time]
Sustainability related
Investments for . .
Quality and sustainability investments [unlt_ of currency /
efficiency unit of time]
Economic Quality Scrap rate [%]
Machine/Equipment Production efficiency [%)]
Performace

Cost analysis

Energy Cost

Energy cost [unit of currency /
unit of time]

Inventory cost

Inventory cost [unit of currency /
unit of time]

Logistics/Transportation
cost

Logistics/Transportation cost
[unit of currency / unit of time]

Labor Cost

Labor cost [unit of currency /
unit of time]

Operating cost

Operating cost [unit of currency
/ unit of time]
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Maintenance cost

Maintenance cost [unit of
currency / unit of time]

Product cost

Total product cost [unit of
currency / unit produced]

Input material cost

Total input material cost [unit of
currency / unit produced]

Workplace
and Employee
Well-Being

Social

Working conditions

Biological, chemical, physical,
ergonomic, safety hazard
exposure risk [1-5 scale]

Employement/ job
opportunity

Employment growth [number]

Work Accidents

Accident rate [number of
accidents / year]

Training/Development

Employee Skill Enhancement
[%0]

Health & Safety

Employee health and safety
provision [Qualitative evaluation]

Turnover

Employee Turnover [%)]

Labor equality

Gender ratio [%]

Absenteeism

Lost workdays [days]

Social Impact
and
Engagement

Social investments

Investment in local communities
[unit of currency / unit of time]

Customer complaints

Customer complaints [number /
unit of time]

Customer satisfaction

Customer satisfaction
[qualitative]

Employee satisfaction

Employee satisfaction survey
[%]

Wage Level/Economic
Benefits

Average Salary [unit of
currency]

Table 7. Proposed framework of indicators

It is worth noting that in two of the categories, two indicators were chosen. First within
Input Material Consumption. Because there was a need to differentiate two types of input
materials; the two indicators are: Raw Materials Consumption Rate [unit of mass / unit
produced]. This one refers to the materials that go in the production of the final product
and the second indicator Consumables Utilization Rate [unit of mass / unit produced] refers
to the materials used in the production of the final product but does not necessarily go in
it. For example, a lubricant, this material is needed for the final product but does not go
in it.

The second indicator is Transportation and Logistics. Because it was necessary to
differentiate between Total energy used in distribution [unit of energy / month] and Total
carbon emissions from transportation [kg CO2-eq / month]. That are both important to

evaluate sustainability.

Continuing with the steps for the sustainability assessment framework:
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3. Collecting the data and setting baseline: Refers to establishing the data collection
mechanisms such as sensors, software systems or manual data collection to
monitor the performance of each indicator, determining the baseline values for
each indicator.

4. Set targets and integrate with operations: Define achievable targets for each
indicator and incorporate each one into daily operations. This might also entail
providing training to employees and all parties involved.

5. Data analysis and interpretation: Analyze the collected data to evaluate the
performance keeping in mind the targets set in the last point. This will help
identify trends and improvement areas.

6. Implement improvements: From the data gathered in the previous step, act and
improve technologies and practices.

7. Reporting: Present reports to stakeholders about the progress, challenges and

achievements regarding sustainability.

It is hoped that by using this framework within the manufacturing industry, companies
can better assess themselves in terms of sustainability, to reduce environmental impact,
meet customer demands and lastly, to contribute to the worlds effort towards a more

sustainable society.

5. Conclusion and future research directions
This thesis operates a systematic literature review of the state-of-the art of
sustainability Indicators used in the manufacturing industry, with the goal of identifying
the most relevant indicators in order to provide a framework that companies within the

industry can use when looking to measure themselves in terms of sustainability.

First, the sources were divided by the manufacturing stage they refer to, and it turned out
that most of them were not specific to a manufacturing stage, being "General" the
category for most papers. Afterwards, to identify the currently used indicators two tables
were developed. The first one reunited the articles that studied a certain sustainability
category, this allowed us to identify the most used or studied topics. These were
Greenhouse Gas Emissions, Input Material consumption and Energy consumption. The second
table takes into consideration contributions that besides studying one of the categories,
uses or proposes an actual indicator to effectively measure that category. This table

allowed us to identify exactly how companies within the manufacturing industry were
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assessing themselves in terms of sustainability. Moreover, by comparing these two tables
we're able to conclude that the micro categories most studied are coherent with the ones

with the larger number of proposed indicators.

From this analysis a framework was proposed to collect the most studied/used
sustainability indicators, with a sequence of general steps to follow in order to facilitate
the process of sustainability assessment for manufacturing companies, this
framework includes the most studied sustainability categories with an indicator and their
units of measurement. This was proposed as general as possible so it can be adapted to
any type of company wanting to leverage on it, since nowadays companies need to be

transparent about their sustainable practices (Mengistu & Panizzolo, 2023).

The theoretical purpose of the framework is to gather and organize the indicators found
in extant literature. To compare what has been proposed and highlight the widely studied
sustainability indicators and also noting the niche indicators that don’t have a lot of
research. This provides a comprehensive view that can be used as a starting point for

future research.

On the other hand, the practical implication of the framework is to provide a guideline
for manufacturing companies that want to assess themselves in terms of sustainability
but don’t have a clear understanding of where to begin, or which indicators are the most
relevant for them to use. Since the proposed framework is general and adaptable, these

companies can adjust it to their specific context or needs.

To conclude, in line with the key points emerged from this review, in future research it is

suggested:

e To evaluate the proposed framework performing a case study, to understand its
usability and possible improvements.

e To include articles found in other databases for academic research besides
SCOPUS.

e To study the indicators at manufacturing stage level, i.e: in the design stage or
maintenance stage.

e Since the number of publications on this topic keeps growing, it will be necessary

to update this framework as new proposals arise.
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