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Abstract

Improved sustainability of industrial activities and measurement of its performance are becoming
prime topics of discussion among policy-makers and industrial decision-makers. The current
literature proposes a number of performance measurement systems and related indicators, but
mainly lacks a real capability to address all sustainability pillars and their intersections, as well as
scalability to firms of different sizes, availability of internal resources, and maturity over
sustainability issues, suggesting that further research is needed in this area. Building on the
literature, our work develops a new framework for the evaluation of industrial sustainability
performance, proposing three different Industrial Sustainability Performance Measurement Systems
(ISPMSs), with a decreasing number of indicators suitable in different contexts of application. In
the framework, selection mechanisms have been conceived and used to reduce the number of
indicators considered, while still guaranteeing complete and adequate coverage of all sustainability
pillars, as well as their intersections. The framework has been tested through semi-structured case
studies in heterogeneous Northern Italian manufacturing firms. The preliminary results are sound as
the different ISPMSs proved to be complete, useful, and easy to use. The proposed ISPMSs provide
industrial decision-makers with a scalable framework applicable in different contexts, allowing

benchmarking and development of specific implementation strategies for increased sustainability,
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and provide policy-makers with a framework to develop a more effective regulatory policy, better
understanding how sustainability performance can be addressed in an integrated manner across

industrial firms.
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1. Introduction

Improved sustainability of industrial activities has become a main topic of discussion among policy-
makers and industrial decision-makers (Scordato et al., 2018; Stoycheva et al., 2018). Several
authors recently referred to industrial sustainability focusing on all the activities related to the
industrial plant level and the entirety of operations (i.e. not just the production line), requiring
actions involving materials, products, processes, plants and production systems, in addition to
integration with the normal activities of the firm (Neri et al., 2018). In order to properly address
industrial sustainability, a holistic approach should be adopted that accounts for interrelations
among the different pillars of the Triple Bottom Line (TBL) — environment, social, economic
(Gimenez et al., 2012; Pagell and Gobeli, 2009; Trianni et al., 2017). However, there are several
difficulties in managing industrial sustainability as a whole (Cagno et al., 2018), given the
complexity of the decision-making process (Gibson, 2006) and the presence of trade-offs (Haffar
and Searcy, 2017; Salzmann et al., 2005), which is also related to the different industrial decision-
makers involved in the process (Gong et al., 2018).

Measuring and improving industrial sustainability are therefore crucial issues (Howard et al., 2018),
also foreseeing sustainability as a major competitive factor (Engida et al., 2018; Morioka et al.,
2018).

Internal stakeholders, in particular, need to effectively understand where specific actions should be

undertaken towards increased sustainability (Collins et al., 2016; Singh et al., 2012). An assessment



of industrial sustainability performance is thus necessary for firms to identify which measures
should be adopted (Bhanot et al., 2017; Trianni et al., 2017) and evaluate and track the effect of the
adoption (Arena and Azzone, 2012; Winroth et al., 2016). To do this, the use of performance
measurement indicators tailored to the firm’s needs is necessary (Clarke-sather et al., 2011; Singh et
al., 2016). However, the measurement of performance may also allow benchmarking activities with
respect to sustainability (Ghadimi et al., 2012), for which the use of standardized indicators has
been recommended (Ferrari et al., 2019; Paju et al., 2010). Benchmarking support requires
comparison with peers operating in the same sector (Ferrari et al., 2019), but also depends on other
contextual factors, such as the geographical area (Apaydin et al., 2018; Tanzil and Beloff, 2006) or

firm size (Siebert et al., 2018).

Sustainability performance indicators are thus crucial for increased sustainability in industrial firms,
given that it is not possible to improve what is not measured (Engida et al., 2018; Singh et al.,
2012). Performance indicators are metrics used to enable the performance measurement process
(Neely et al.,, 1995) and to motivate industrial decision-makers in the achievement of goals
(Globerson, 1985) by more precisely identifying which measures should be adopted (Veleva and
Ellenbecker, 2001). If performance indicators are organized in a set, they are referred to as

Performance Measurement System (PMS) (Krajnc and Glavic, 2003; Neely et al., 1995).

PMSs are very useful for properly evaluating performance (Johnson and Schaltegger, 2016), and
can lead to improved firm management (StaniSkis and Arbaciauskas, 2009). The development of
PMS is, however, rather challenging (Neely et al., 2000), especially regarding the identification and
selection of the performance indicators to be included (Hailey and Sorgenfrei, 2003; Singh et al.,

2014), which is often difficult to carry out (Lee and Lee, 2014).

Further problems in selection arise when trying to include all the aspects related to industrial
sustainability, given the higher complexity and heterogeneity to be managed. The encompassing of

the appropriate indicators in the routine activity of performance measurement is still rather low



(Bilge et al., 2014). Indeed, for the assessment of industrial sustainability performance, firms may
either adopt previously developed methods or develop their own: in the first case, benchmarking
would be allowed, but the methods may not be properly applicable in specific contexts (Hallstedt et
al., 2015); in the second case, the development of a tailored method might be too resource intensive
and would threaten benchmarking activities (Staniskis and Arbaciauskas, 2009). Despite the
claimed evolution of the manufacturing system towards sustainability, standardized methods for
assessing sustainability performance are still missing (Harik et al., 2015; Helleno et al., 2017) as are

complete and simple tools (Witjes et al., 2015).

Previous literature has proposed models to measure sustainability performance in industrial firms in
different contexts (Feil et al., 2015; Helleno et al., 2017; Long et al., 2016) and with different
methodological approaches (Butnariu and Avasilcai, 2015; Kocmanova et al., 2017; Watanabe et
al., 2016), but there are a number of research gaps that still need to be addressed, both in terms of
content of the PMSs and context of application. Particularly, the extant literature appears to not
properly cover all the TBL pillars with their intersections and presents too many indicators as well
as different methodologies for their selection and prioritization. Moreover, methods for the
assessment of sustainability performance have been developed for a specific context in terms of
contextual factors and maturity toward sustainability. There is the need for a comprehensive PMS
that is able to describe all the areas related to sustainability and their intersections, and which is
appropriate to be used by firms with different characteristics in terms of contextual factors and
maturity over sustainability issues. It should thus be scalable and characterized by different levels of
application, ascribable to different goals and situations, as suggested by Azapagic (2004). In this
way, the same system can be applied to firms with different characteristics, guiding the firm during
its specific path to improved sustainability, but also allowing benchmarking among firms

characterized by the same contextual factors.



The remainder of the paper is structured as follows: in Section 2, a literature background analysis is
conducted and the emerging gaps underlined; in Section 3, the new framework is introduced: the
development of the different PMSs is presented, as well as the analysis of the coverage of the
TBL’s pillars and their intersections; in Section 4 the research method for the empirical test of the
framework is addressed; in Section 5, the results of the test are presented; in Section 6, a concluding

discussion is provided, along with limitations of the study and possible further research.

2. Literature background

A literature background analysis was carried out to obtain an understanding of the extant
knowledge base and highlight research gaps (Saunders et al., 2009). We searched for relevant
literature by querying an international database (SCOPUS). We used terms related to the system of
indicators (framework, model, approach, assessment), combined with terms related to performance
measurement (indicators, KPI, performance indicator, metric), and terms related to the topic
(sustainability, sustainable development, sustainable), and context of interest (plant, industry,
company, firm, corporate, manufacturing, production). We limited the analysis to contributions
published in English from the year 2000 onwards, and excluded areas of not interest (Table 1).
Taking inspiration from previous research, we also searched for additional relevant literature
looking at references and citations of the initial set of selected contributions using the snowball

method (Heckathorn and Cameron, 2017; Skolarus et al., 2017; Wohlin, 2014).

Criteria selection for the literature review |

Keywords Language Publication year Areas
TITLE-ABS-KEY ("framework" OR "model" OR (LIMIT-TO PUBYEAR >1999 | EXCLUDE (SUBJAREA, "AGRI")
"approach" OR "assessment") (LANGUAGE, OR EXCLUDE (SUBJAREA, "EART")
AND TITLE-ABS-KEY ("indicator" OR "KPI" OR "English") OR EXCLUDE (SUBJAREA, "MATH")
"performance indicator" OR "metric") OR EXCLUDE (SUBJAREA, "BIOC")
AND TITLE-ABS-KEY ("sustainability” OR OR EXCLUDE (SUBJAREA, "PHYS")
"sustainable development" OR "sustainable") OR EXCLUDE (SUBJAREA, "MEDI")
AND TITLE-ABS-KEY ("plant" OR "industry" OR OR EXCLUDE (SUBJAREA, "ARTS")
"company" OR "firm" OR "corporate" OR OR EXCLUDE (SUBJAREA, "IMMU")
"manufacturing”" OR "production") OR EXCLUDE (SUBJAREA, "NURS")
OR EXCLUDE (SUBJAREA, "PHAR")
OR EXCLUDE (SUBJAREA, "VETE")

Table 1. Detail of the criteria selection used in the conduction of the literature background analysis.



2.1. Analysis of the literature

The literature research generated 4,771 contributions (articles, conference proceedings, books, and

book chapters), witnessing the soaring importance of the topic, especially after the year 2011. To

identify relevant contributions for the literature analysis, we adopted the following procedure, also

displayed in Figure 1:

1. Missing information: the initial set of 4,771 contributions was reduced to 4,690 since for 81
contributions no information related both to Authors and Title were provided by Scopus.

2. Title analysis: the 4,690 contributions were submitted to a title analysis. For this analysis, we
performed a manual coding excluding those contributions not relevant to the present work, as
for example “Agriculture”, “Building” or “Construction” (further details can be found in Figure
1). The title analysis led to the exclusion of 2,642 contributions, and the identification of 2,048
contributions eligible for an abstract analysis.

3. Abstract analysis: performing the abstract analysis, 1,688 out of the starting 2,048 were
excluded, since the content of the abstract was considered not relevant for the present research.
A set of 360 contributions was thus obtained and deemed eligible for full text analysis.

4. Full -text analysis: conducting the full text analysis, we focused on three criteria:

e we included only contributions providing a simultaneous and holistic analysis of indicators
in all the TBL areas: this criterion led to the exclusion of 57 contributions;

e we included only contributions providing a set of indicators, thus eliminating 17
contributions providing only a literature review and 116 contributions providing an
assessment methodology or performing analysis of indicators retrieved from company
reports;

e we included only contributions providing a new or an improved set of indicators compared

to previous literature, eliminating 36 contributions conducting empirical analysis based on



previously developed indicators and 12 contributions proposing a set of indicators improved

with respect to previous work from the same authors.

Besides, we also excluded 86 contributions still resulting out of scope and 6 contributions that we

deemed to provide scarcely developed indicators. We obtained a final set of 30 contributions. After

the application of the snowball method on this set, 2 further contributions were added, for a total of

32 contributions considered for the literature analysis.

Figure 1.Procedure for the identification of the contributions to be included in the literature analysis

Missing Information
No authors and Title information

Not relevant content from abstract analysis } o

Snowball
Method

Identification of two
contributions not on
SCOPUS

Query
(SCOPUS)

4471 Contributions
-Results of the Query-

Excluded

4690 Contributions
-Eligible for the Title Analysis-

Excluded

97 Agriculture

2048 Contributions

L -Eligible for the Abstract Analysis-

* 82 Urban/ City/ Region

Excluded

360 Contributions

L -Eligible for the Full Text Analysis-

Excluded

30 Contributions
- Retrieved from SCOPUS -

Included

A detailed analysis of each contribution, reported in Table 2,

l

32 Contributions
- Considered for the Analysis -

Not relevant content from title manual coding
(detail of the number of contributions)

* 514 Environment * 29 Exergy
+ 420 Power generation
« 273 Water + 28 Bank

* 29 GHG/pollution

= 218 Building/ construction * 28 Finance
* 216 SCs/ Systems * 28 Projects
= 192LCA * 28 Transport
+ 120 Land * 20 Education

19 Green chemistry
* 15 Circular Economy

* 65 Tourism * 14 Energy-water nexus
* 61 Waste * 13 Social housing

+ 47 Policy + 8 Wine production

* 37 Social * 6 Marine

* 30 Logistics * 5 Stakeholders

Not meeting the criteria for inclusion
(detail of the number of contributions)

+ 57NoTBL
= 133 No indicators developed

* 17 Literature review
* 116 Assessment and methodology

+ 45 No New Indicators

* 36 Based on others
* 12 Further developed

Additional exclusion
(detail of the number of contributions)

= 6 Indicators scarcely developed
* 86 Out of scope

allowed to identify 1,416

sustainability performance indicators. All the reviewed contributions categorize sustainability

performance indicators: some base the categorization on the areas of the TBL (Azapagic and

Perdan, 2000; Barbosa and Gomes, 2015; Krajnc and Glavi¢, 2005), while others develop further

categories and subcategories within the TBL (Li et al., 2012; Veleva and Ellenbecker, 2001;

Winroth et al., 2016). The proposed sustainability performance indicators stem from a broad set of

approaches: existent literature (Medini et al., 2015; Ocampo et al., 2016; Singh et al., 2014),



literature and expert involvement (Azapagic, 2004; Jiang et al., 2018), literature and the Delphi
method (Ahmad et al., 2019), surveys (Singh et al., 2007; Watanabe et al., 2016), case studies
(Butnariu and Avasilcai, 2015), combined literature and case studies (Sureeyatanapas et al., 2015),
and previously developed tools and frameworks (Docekalova and Kocmanova, 2016; Ruiz-Mercado
et al., 2012). Following Martin-Pefia et al. (2014) and Murillo-Luna et al. (2011), we divided the
reviewed contributions as theoretical (only the new theoretical model) and theoretical-empirical
(theoretical model coupled with empirical application).

The theoretical models proposed are either generic (Krajnc and Glavic, 2003) or related to specific
contexts. We have, indeed, different spotlights on sectors, geographical areas, and firm sizes.
Regarding sectors, sustainability performance indicators have been addressed for the manufacturing
industry as a whole (Helleno et al., 2017; Ocampo et al., 2016), but also with a focus on specific
sectors (Krajnc and Glavi¢, 2003; Medini et al., 2015), for example, iron and steel (Long et al.,
2016), automotive (Amrina and Yusof, 2012), chemical (Barbosa and Gomes, 2015; Ruiz-Mercado
et al., 2012), palm oil (Lim and Biswas, 2015), sugar (Tan et al., 2015), cement (Amrina and Vilsi,
2014), and mining (Azapagic, 2004). Regarding geographical areas, contributions target different
countries, mainly Asian, - such as Malaysia (Lim and Biswas, 2015), Thailand (Sureeyatanapas et
al., 2015), Singapore (Tan et al., 2015), China (Long et al., 2016) and European - such as Czech
Republic (Kocmanova et al., 2017). Lastly, only a few contributions focus on a specific size, i.e.
Small-Medium Enterprises (SMEs) (Feil et al., 2015; Singh et al., 2014).

Theoretical-empirical studies address different contexts, in terms of sectors, geographical areas and
firm sizes. We can find contributions focusing on the textile industry (Butnariu and Avasilcai,
2015), plastic (Ocampo et al., 2016), food (Ahmad et al., 2019), automotive (Madanchi et al.,
2019), and more specific manufacturers such as original equipment (Singh et al., 2014), kitchens
(Medini et al., 2015), electrical items (Docekalova and Kocmanova, 2016), combustion engine
(Jiang et al., 2018), and satellite television dishes (Huang and Badurdeen, 2018). With reference to

geographical area, contributions address South Africa (Du Plessis and Bam, 2018), Oman (Garbie,



2014), India (Singh et al., 2014), China (Jiang et al., 2018), Philippines (Ocampo et al., 2016),
Brazil (Helleno et al., 2017), USA (Huang and Badurdeen, 2018), Sweden (Winroth et al., 2016),
and Switzerland (Medini et al., 2015). Only a few contributions focus on a specific size, i.e. SMEs
(Feil et al., 2017; Winroth et al., 2016) and Large Enterprises (LEs) (Bhanot et al., 2016; Krajnc and
Glavi¢, 2005). Interestingly, different research methods have been adopted, ranging from case
studies (Li et al., 2012; Watanabe et al., 2016) to historical data (Barbosa and Gomes, 2015), as
well as simulation (Butnariu and Avasilcai, 2015), secondary data (Madanchi et al., 2019),
interviews (Medini et al., 2015), surveys (Kocmanova et al., 2017; Sureeyatanapas et al., 2015), and

combined use of surveys and case studies (Do¢ekalova and Kocmanova, 2016; Long et al., 2016).

The number of sustainability performance indicators proposed presents great variance, ranging from
a minimum of 9 (Amrina and Yusof, 2012) to a maximum of 140 (Ruiz-Mercado et al., 2012), with
an average of 44. The majority of sustainability performance indicators falls within the environment
pillar, followed by economic and social ones, but with different behaviour over the years: by
looking at contributions in the period 2001-2010, environmental indicators are half of the
sustainability performance indicators proposed; considering contributions from year 2011 onwards,
more importance is given to economic aspects.

Some authors tried to prioritize the proposed sustainability performance indicators. The methods
used are different, such as a fuzzy interference based model (Singh et al., 2014), stochastic-fuzzy
approach (Ahmad et al., 2019) analytical hierarchy process (AHP) (Barbosa and Gomes, 2015;
Butnariu and Avasilcai, 2015), gray relational analysis (GRA), and particle swarm optimization
(PSO) (Bhanot et al., 2016). Beyond prioritization of sustainability performance indicators, the
contributions also tried to create an index for each pillar of TBL (Huang and Badurdeen, 2018), or

an index for overall sustainability (Li et al., 2012; Lim and Biswas, 2015; Singh et al., 2007).



General information Theoretical development Indicators Empirical application
Authors and date Journal Sector ;}::;graphlcal Size :)):velopment based Eco Env Soc Other Tot Sector ;}s:agraphlcal Size Method Prioritization Index
Azapagic and Perdan (2000) Trans IChemE - - - - 9 16 10 - 35 - - - - - No
Veleva and Ellenbecker (2001) Journal of Cleaner Production - - - - 3 8 8 3 22 - - - - - No
Krajnc and Glavi¢ (2003) Clean Technologies and Environmental Policy Different - - Literature 16 63 10 - 89 - - - - - No
Azapagic (2004) Journal of Cleaner Production Mining and Mineral - - {;11:::3;::: and 24 60 45 - 129 - - - - - No
Krajne and Glavi¢ (2005) Resources, conservation and Recycling - - - Literature and case 6 22 10 - 39 Different . - LEs Case study AHP Yes
study manufacturing
Singh et al. (2007) Ecological Indicators Steel - - Survey 5 15 14 26 60 Steel - - Case study AHP Yes
Amrina and Yusof (2012) Conference Paper (IEEE) Automotive - - Literature 4 3 2 - 9 - - - - - No
Ruiz-Mercado et al. (2012) Industrial and Engineering Chemical Research Chemical - - GREENSCOPE 33 81 - 26 140 - - - - - No
Lietal. (2012) International Journal of Life Cycle Assessment Manufacturing - - I;L:trireegure and 10 12 10 - 32 : ° : Case study PCA Yes
Amrina and Vilsi (2014) Conference Paper (Procedia CIRP) Cement - - SLl;:ire“yt“re and 5 8 6 - 19 - - - - - No
Garbie (2014) International Journal of Production Research Manufacturing - - Literature 43 17 20 - 80 Aluminium Oman Case study Analytical Technique Yes (3)
Singh et al. (2014) Clean Technologies and Environmental Policy - - SMEs Literature 4 12 5 - 21 OEM India - Case Fuzzy inference system  Yes
Barbosa and Gomes (2015) Procedia Computer Science Chemical - - Existent framework | 3 12 6 - 21 - - - Simulation g:{a}l programming, -
Butnariu and Avasilcai (2015) Procedia Economics and Finance - - - Case study 5 17 4 - 26 Textile Romania Simulation AHP No
Feil et al. (2015) Sustainable Production and Consumption Furniture - SMEs thera%llre and 7 12 7 - 26 - - - - - -
Delphi methods
Lim and Biswas (2015) Sustainability Palm oil Malaysia - Literature 6 9 7 - 22 Palm oil Malaysia Case study - Yes
Medini et al. (2015) International Journal of Production Research Different - - Literature 9 11 11 3 34 Kitchen Switzerland - Interviews AHP Yes
manufacturer
Sureeyatanapas et al. (2015) Production Planning and Control Sugar Thai I;tllizriz;;ure and case 9 7 8 6 30 Sugar - - Surveys - No
Tan et al. (2015) Conference Paper Procedia (CIRP) - Singapore SMEs Existent framework 7 17 10 6 40 - - - - - No
Bhanot et al. (2016) Clean Technologies and Environmental Policy Turning process - - Literature 18 28 24 - 70 Manufacturing - LEs Case study GRA, PSO
Docekalova and Kocmanova (2016) Ecological Indicators - - - Existent framework 25 17 16 11 69 Ele(;trlcal - LEs Survey and KMO SEatlSllCS,. . Yes
equipment Case study Bartlett’s sphericity test
Long et al. (2016) Journal of Cleaner Production Iron and Steel China - thera_mre and 7 4 6 - 17 Iron and Steel ~ China LEs Survey and Yes
interview Case study
Ocampo et al. (2016) International Journal of Sustainable Engineering Manufacturing - - Literature 8 16 9 - 33 Plastic Philippines LEs Case study FUZAHP Yes
Watanabe et al. (2016) Conference Paper (IFAC) - - - Survey 10 10 10 10 40 - - - Case study Petri net Téhcnique Yes
Winroth et al. (2016) Journal of Manufacturing Technology Management - - - 18 20 14 - 52 - Sweden SMEs  Survey i
Kocmanova et al. (2017) Engineering Economics Manufacturing Czech . - Literature 5 6 4 4 19 Manufacturing ~ Czech Republic - Interviews and PCA Yes
Republic survey
Helleno et al. (2017) Journal of Cleaner Production Manufacturing - Literature 6 9 9 - 24 Different Brazil - Case studies - i
Du Plessis and Bam (2018) Sustainability - - - L1t.eragure and GRI'S 6 6 6 - 18 Platinum South Africa - Case study Noma!lzatlon, . Yes (3)
guidelines Industry weighting, aggregation
Huang and Badurdeen (2018) Journal of Cleaner Production Manufacturing - - Literature 17 47 26 - 90 Satcl?lt_c . USA - Case studies No_rlna!lzatlon and Yes (3)
television dish weighting
Jiang et al. (2018) Journal of Cleaner Production - - - Literature and 12 8 8 - 28 Combustlon China - Case study PCA Yes
Survey engine
NN . Literature and . Normalization
Ahmad et al. (2019) Sustainability Food Malaysia - Delphi method 14 19 24 - 57 Food Malaysia SMEs  Case study Stochastic- Fuzzy Yes (3)
. . . Secondary
Madanchi et al. (2019) Book Chapter - - - Literature 11 6 9 - 26 Automotive - - data AHP Yes

Table 2. Details of the reviewed contributions. For each contribution considered in the literature background analysis information about the following are provided: i) General information, in
particular authors and date of publication, and Journal; ii) Theoretical development, in particular the context considered for the theoretical development (sector, geographical area, firm’s size) and the
base for the development; iii) Indicators, in particular the number of indicators identified with reference to each pillar of the TBL (Eco =Economic; Env =Environment; Soc=Social), the number of other
indicators identified, the total number of indicators identified; iv) Empirical application, in particular the context considered for empirical application (sector, geographical area, firm’s size), the
methodology used for the empirical application, the method used for the prioritization of the indicators and if the contribution try to create an index of sustainability (Yes= yes, a sustainability indicator;

Yes

)=

yes,

an

index

for

each

pillar

of

sustainability).
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2.2. Emerging gaps

The literature background analysis shed light on several challenging and intertwined issues:

1.

Holistic perspective on sustainability: literature contributions still do not provide a holistic
perspective on the sustainability of industrial activities, either in terms of adequate
simultaneous focus on the three pillars or their intersections. In particular, the social pillar
appears to be less developed than the others, as stressed by Neri et al. (2017). Even though
some studies do address TBL, by proposing a large number of sustainability performance
indicators, too little has been done to evaluate the mutual benefits among the different pillars
(British Safety Council, 2014; Cagno et al., 2018; Nehler and Rasmussen, 2016) and
consider interdependencies among them. Despite the attempt by Azapagic (2004) to do this,
there was a focus exclusively on the mining and minerals sector, also not accounting for the
intersections of all three pillars.

Selection and prioritization of indicators: given the abundance of developed indicators
covering all three pillars of sustainability, selection and prioritization become crucial (Sloan,
2010; Veleva et al., 2003). Considering the existence of multiple industrial decision-makers
acknowledgeable for the different pillars of TBL and areas of industrial sustainability
(Cagno et al., 2018), with different (if not conflicting) perspectives, priorities and interests
(Frini and Benamor, 2017; Gong et al., 2018; Nicolaescu et al., 2015), the proper selection
of indicators to be included in a PMS is a huge challenge with only a few examples in the
literature, deserving additional efforts by scholars. In fact, Veleva and Ellenbecker (2001)
made an interesting distinction between core and supplemental indicators: unfortunately,
their considerations were made exclusively on the literature occurrence rate. The methods
applied in literature for the selection of indicators, including the AHP, may suffer from
possible inconsistency related to subjectivity (Calabrese et al., 2016; Madanchi et al., 2019).

In general terms, when the weighting and prioritization of indicators is left only to industrial

11



4.

decision-makers, the process may suffer from a high degree of subjectivity (Callens and
Tyteca, 1999); when, on the other hand, it is left only to external stakeholders and
researchers, the effectiveness of the measurement may be reduced, not being sufficiently
grounded on the firms’ perspectives and needs (Delai and Takahashi, 2011; Salvado et al.,
2015). Therefore, it is crucial to develop a PMS that is able to prioritize sustainability
indicators. As mentioned, we need a system tailored to specific contexts of application, but
at the same time allowing to benchmark.

Number of indicators: the number of performance indicators a firm should (could) measure
is disputable. Given that the use of a single indicator has been proven not to be appropriate
(Cayzer et al., 2017), the threshold number should be in line with the human brain’s
capacity for processing information (Hubbard, 2009), but no alignment on the value of this
threshold has yet been reached. Some authors limit to 5-9 indicators (Collins et al., 2016),
others to 10-20 (Krajnc and Glavi¢, 2003), or 30 (Siskos, 2014), or up to 36-60 (Globerson,
1985), while some others suggest there is not a correct number, but too many indicators
could distract from following a focused strategy (Epstein and Widener, 2010; Trianni et al.,
2019). Nevertheless, a complete overview of the sustainability performance requires a large
number of indicators, which in turn may negatively affect the decision-making process
(Medini et al., 2015).

Applicability: the applicability of the previously developed PMSs in different contexts can
be questioned. Most of the PMSs, indeed, are still designed for LEs (Singh et al., 2016), and
have been proven to be rather difficult to be applied in SMEs (Arena and Azzone, 2010;
Singh et al., 2014). SMEs - that often are not even aware of their impact (Feil et al., 2017) —
are indeed characterized by a scarce availability of resources — e.g., time, staff, money -
(Borga et al., 2009; Stubblefield Loucks et al., 2010; Veleva et al., 2003) to properly and
effectively measure performance (Tremblay and Badri, 2018), above all considering the

large amount of information required for the assessment through the PMSs (Laurinkeviciute

12



and Stasiskiene, 2011; Winroth et al., 2016), The same reasoning can be applied to firms
that are introducing sustainability into their daily activities, regardless of their size (Johnson,
2015; Witjes et al., 2015). Moreover, the presence and the use of too many different PMSs
(Christofi et al., 2012) makes difficult to compare the performance.
To address the aforementioned research gaps, the present paper aims to develop a scalable system,
featured with different levels of application, and suitable for firms characterized by different
contextual factors and different levels of sustainability (Gap 4). The developed PMS must be easy
to manage by firms (Gap 2) and must consider all the different sustainability pillars as well as their
intersections, in all its level of application (Gap 1). The selection of indicators to be included in the
different levels of the PMS should reduce subjectivity of the choice as much as possible, including

different perspectives in the process (Gap 3).

3. A novel framework for measuring sustainability in industrial companies

3.1. Rationale for the development of the framework

Stemming from the gaps identified, there is a clear need for a new framework for evaluation of
industrial sustainability performance. The framework proposed in the present work includes three
different industrial sustainability performance measurement systems (ISPMSs). Consequent from
this, it is suitable to properly scale and adapt according to different contexts related to different
contextual factors and to different degrees of commitment towards sustainability by a firm —
considering different availability of resources, competencies, and awareness toward sustainability.
The ISPMSs are organized in three areas related to the TBL’s pillars; each area is then divided into
categories of performance, and different performance indicators are related to each category. The
different ISPMSs are characterized by a decreasing number of indicators, while aiming to maintain
adequate coverage of the TBL’s pillars and their intersections. The first ISPMS developed (Full

ISPMS) has been obtained through by re-categorization of the existent literature and contains the

13



largest number of indicators. We believe this ISPMS is important for a thorough assessment of
sustainability, requiring a proper evaluation of all the related indicators and returning a picture of
the performance measured (and not measured). The second ISPMS (Intermediate ISPMS)
represents an intermediate step, aiming for a significant reduction in terms of number of indicators,
trying to avoid resource-consuming unnecessary overlaps between them. The third ISPMS (Core
ISPMS) contains the fewest number of indicators, focusing on indicators able to provide
information on the intersections of the different pillars, thus consuming as few resources as possible

while still guaranteeing good coverage of all sustainability areas.

We created selection mechanisms by reducing the number of indicators to consider and guarantee
adequate coverage of all the sustainability aspects when shifting from one ISPMS to another. In the
first transition (Full ISPMS to Intermediate ISPMS), we selected indicators based on their relevance
- using the frequency of occurrence in the literature as a proxy of relevance. In the second transition
(Intermediate ISPMS to Core ISPMS), we selected indicators with the aim of reducing the number
of indicators considered, based on Globerson (1985), while also maximizing the information about
sustainability issues collected by gathering those indicators.

The conceptual model of the development of the framework is reported in Figure 2 in which the
whole procedure for the development of the ISPMSs is shown. The comprehensive framework of

the three ISPMSs is reported in Table 3.
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Figure 2. Conceptual model of the development of the framework. The heights of the columns and the
decreasing in the heights are qualitative. The three ISPMSs are characterized by a different number of indicators
and different content of information.
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3.1.1. Full ISPMS

The Full ISPMS has been created by a thorough re-categorization of the indicators provided by the
reviewed literature contributions. We divided the 1,416 indicators gathered -obtained as the sum of
all the single indicators identified in each contribution - in three lists (one for each TBL pillar),
according to the categorization provided in the contributions reviewed.

We merged indicators referring to the same performance but presenting different names, such as
e.g. work accidents (Butnariu and Avasilcai, 2015) and accident rate (Amrina and Vilsi, 2014), and
incorporated indicators that could be easily derived one from the other through a third factor, e.g.
total energy cost (Krajnc and Glavic¢, 2003) with energy consumption (Li et al., 2012) by means of
energy prices.

We also acknowledged that the previous literature assigned some indicators to two different pillars
simultaneously, underlining how forcing a clear distinction among them could be inappropriate: the
interconnections among them should constantly be highlighted, pinpointing the necessity to not

only look at the three pillars of TBL as if they were independent, but rather focus on their
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intersections. In case the reviewed contributions assigned the same indicator to different pillars, we

assigned it to the pillar with highest occurrences in literature, but taking note that it is not possible

to overlook their impacts on other pillars, as further shown for the Intermediate and Core ISPMSs -
described respectively in Sections 3.1.2 and 3.1.3. The following examples should clarify our
rationale:

o the total energy cost was incorporated in energy consumption: the indicator was considered
by 78% of the contributions in the environmental pillar, e.g. (Winroth et al., 2016), and by
the remaining ones in the economic pillar, e.g. (Watanabe et al., 2016), and we thus assigned
it to the environmental pillar;

e training of employees: being considered by about the 85% and 15% of the contributions as
belonging to social and economic pillar, respectively, we assigned it to the social pillar;

e some indicators related to suppliers were diverse and considered in each pillar by only a few
contributions: given the relevant impact of suppliers on the economic performance of the
firm, we decided to assign them to that pillar, acknowledging, however, the impact on the
others (Klibi et al., 2010).

Furthermore, we decided to focus on indicators addressing operative performance, rather than on a

generic performance area. For instance, we preferred detailed indicators on solid (Krajnc and

Glavi¢, 2003) or liquid (Huang and Badurdeen, 2018) waste, or rather disposed (Ruiz-Mercado et

al., 2012) or recycled waste (Garbie, 2014), over generic waste management proposed by Bhanot et

al. (2016). Similarly, we discharged indicators beyond the direct action of the firm (Howard et al.,

2018), related to external policies and procedures, e.g., policies and agreements (Li et al., 2012).

Moreover, we preferred indicators related to economic performance on daily operations rather than,

for example, financial performance, such as the debt asset ratio (Long et al., 2016).

We further categorized indicators within each list, and created the main categories of performance

taking inspiration from the extant literature (Saeed and Kersten, 2017; Stindt, 2017), assigning each

indicator to a single performance. In conclusion, the Full ISPMS is composed of 104 indicators
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(Table 3, third column) offering highly detailed information over sustainability issues for a

company.

3.1.2. Intermediate ISPMS

A firm with a medium availability of resources and/or maturity toward sustainability could find the
Full ISPMS too detailed and cumbersome. For this reason, we developed the Intermediate ISPMS
(Table 3, fourth column), which aims to represent a valuable solution with a reduced number of
indicators (76), based on their relevance in the literature (as a proxy of the relevance for
practitioners), following the approach of Veleva and Ellenbecker (2001). To do so, for each
indicator of the Full ISPMS, we calculated the occurrences in the literature, discharging those
considered by less than the 5% of the contributions reviewed - thus eliminating Near misses as an
indicator (Bhanot et al., 2016). The analysis of frequency also led to the aggregation of previously
identified indicators. For example, when developing the Full ISPMS, we specified the difference
between Environmental training and Safety training: nevertheless, the literature does not seem to
give the same attention to their distinction, focusing particularly on the latter one, as also observed

for practitioners by Cagno et al. (2018).

3.1.3. Core ISPMS

Following literature suggestions (Collins et al., 2016; Globerson, 1985; Krajnc and Glavi¢, 2003;
Siskos, 2014), we developed the Core ISPMS, which is aimed to be suitable for firms with limited
availability of resources and/or sustainability maturity. The Core ISPMS has been designed to have
a further reduced number of indicators, but at the same time keeping thorough coverage of all the
pillars of TBL. We based our analysis on the content of information owned by each indicator of the
Intermediate ISPMS with respect to every other indicator and to the different categories of

performance, in order to fully address and exploit the interdependences among the different TBL
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pillars (Cagno et al., 2018). The analysis was structured in two parallel steps. In both the two steps
the procedure followed was the same. For each indicator of the Intermediate ISPMS, the level of
information the indicators were able to provide with reference to every other indicator and category
of performance - always within the Intermediate ISPMS- was quantified. The level of information
was assessed using an even 6 point Likert-like scale, as suggested by Vagias (2006), to force the
respondent to take a position beyond neutral one - with 1: no information, up to 6: total coverage of
information. Having already performed a selection of the indicators based on their frequency in
literature, we aimed at understanding the information content of each indicator, in order to reduce
the number of indicators for the Core ISPMS by discharging those that, presenting the same
literature frequency rate, offer a lower content of sustainability information.
In the first step, the analysis was conducted by the authors of the manuscripts. Each researcher
conducted the evaluation autonomously and then the different perspectives were discussed, arriving
at a shared vision of the content of information of each indicators of the Intermediate ISPMS, also
relying on literature when possible (i.e. available) and making sure that indicators fall under one or
more pillars - such as for the safety training indicator, providing information both on the economic
and the social pillars. In the second step, a panel of eight experts was interviewed. The panel was
created to guarantee that different backgrounds and profiles relevant for the purposes of the study
were included, following Fernandez-Viné et al. (2013). The number of experts involved was
considered adequate, based on Knol et al. (2010) and Sleep et al. (2017). The selected experts had
the following profiles:
e Two senior academic scientists, one devoted to sustainability, the other to performance
measurement;
e Four industrial experts from different industrial associations: two from manufacturing
company’s associations (one with previous experience as a plant manager); one expert from an
SME association (previously technical director of a manufacturing firm); one expert from a

manufacturing and service company association (previously chief executive officer in a firm);
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e Two industry consultants with specific expertise on safety, environment, accounting, and
operations, respectively.

This procedure aims at avoiding selecting indicators based exclusively on the subjective evaluation

of only industrial decision-makers (Callens and Tyteca, 1999) or only external stakeholders (Delai

and Takahashi, 2011). The involvement of experts with different roles and background in the
development of the ISPMSs was thus considered as an interesting opportunity, since industry and

academia may have a different perspective on the relevance of indicators (Li et al., 2012).

Moreover, we deemed that the inclusion of academia and practitioners helped to avoid bias deriving

from different personal experiences, background, values, and attitudes (Bettis and Prahalad, 1995;

Cooremans, 2012; Prahalad and Bettis, 1986; Thollander and Palm, 2012).

The evaluations of the panel were aligned with those of the researchers, allowing us to have a solid

base for the development of the Core PMS. To further clarify the rationale of our work, some

examples are provided below:

e OHS performance: in this category, Accidents, Injuries, and Fatalities resulted to be those with
the highest level of information regarding OHS performance, Work satisfaction, Throughput,
EHS (Environment-Health-Safety) fines, and Safety investments. Since the expert panel also
related these indicators to the evaluation of safety within the working environment (i.e. Noise,
Dust, Toxic substances), we eliminated the latter, focusing on the evaluation of indicators
related to Accidents, Injuries and Fatalities, as supported by the previous literature (Anker et al.,
2003; ILO, 2013). Moreover, Accidents, Injuries, and Fatalities, together with EHS fines, were
reported to be able to provide information on possible OHS Administration Citations, making
this indicator unnecessary.

e Air emissions: in this category, there is CO>, other GHGs, NO., SO,, and ODS; a detailed
measurement of all these emissions could require a large amount of resources (in terms of time
and money). All the experts agreed that CO; alone can provide a very high level of information

on Air emissions performance, thus making it as a proxy for all the other air emissions, except
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Toxic emissions. This consideration was well aligned with the previous literature (EPA, 2018),

especially considering our focus on manufacturing activities (Burtraw and Toman, 2000).

This further selection and aggregation process led to the identification of 44 indicators for the Core

ISPMS (Table 3, fifth column).

Area of Category of Full ISPMS Intermediate ISPMS Core ISPMS
Performance Performance Performance indicators Performance indicators Performance indicators
Economic Investments R&D investment R&D investment R&D investment
Pollution prevention and control Environment investment Environment investment
investment Safety investment Safety investment
Environment investment Ethics/ philanthropy investment
Energy efficiency investment
Safety investment
Community investment
Ethics/ philanthropy investment
Costs and Incomes Operating cost Operating cost Production cost
Overhead cost Production cost Inventory cost
Packaging cost Inventory cost Labor cost
Production cost Labor cost Unit cost
Set up cost Unit cost Maintenance cost
Inventory cost Maintenance cost EHS fines
Labor cost EHS fines Sales
Unit cost Sales Profit
Maintenance cost Market share
Taxes Revenues
EHS fines Profit
Sales
Market share
Revenues
Profit
Turnover
Production Throughput Throughput Throughput
New products New products New products
Lead time Lead time Lead time
Scrap Scrap Quality
Quality Quality
Mix flexibility DFx
Volume Flexibility
DFx
Green product
IT level
Suppliers Number of suppliers Number of suppliers Number of suppliers
Local suppliers Local suppliers Local suppliers
Certified suppliers Certified suppliers
Social Community Community complaints Community complaints Community complaints
Community projects Community projects Community projects
Local employment Local employment
Involvement of local community Involvement of local community
Customers Customer satisfaction Customer satisfaction Customer satisfaction
Personalized products Personalized products Personalized products
Services offered Services offered
Employees Number of employees Number of employees Number of employees
Wage level Wage level Work satisfaction
Work satisfaction Work satisfaction Training
Involvement of employees Involvement of employees
Gender discrimination Discrimination
Ethnic group discrimination Training
Safety training
Environmental training
OHS Accidents Accidents Accidents
Injuries Injuries Injuries
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Fatalities

Near misses

PPE

Absenteeism

Noise

Dust

Toxic substances

OHS Administration Citations
Safety expenditure

Fatalities

PPE
Absenteeism
Noise

Dust

Toxic substances

OHS Administration Citations

Safety expenditure

Fatalities
PPE
Absenteeism

Environment

Water

Material

Energy

Air emissions

Waste

Environmental
management

Total water use

Fresh water use

Recycled water use

Quality of water

Total material use

Recycled material use
Hazardous material use
Toxic material use

Total energy use for production
Renewable energy use for production
Fuel use for production

Gas use for production
Coal use for production
Total energy use not for production
Renewable energy use not for
production

Fuel use not for production
Gas use not for production
Coal use not for production
CcO2

Other GHG

NOX

SO2

ODS

Metal emissions

Other emissions

Toxic emissions

Hazardous solid waste
Non-hazardous solid waste
Hazardous liquid waste
Non-hazardous liquid waste
COD

BOD

Waste water

Chemical waste

Waste disposed

Waste recycled

Energy recovery

Material recovery
Environmental accidents
Environmental fines
Environmental certification
Cost of compliance

Total water use

Fresh water use
Recycled water use
Quality of water

Total material use
Recycled material use
Hazardous material use

Total energy use
Renewable energy use
Fuel use

Gas use

Coal use

CO2

Other GHG
NOX

SO2

ODS

Toxic emissions

Hazardous solid waste
Non-hazardous solid waste
Hazardous liquid waste
Non-hazardous liquid waste
Waste water

Waste disposed

Waste recycled

Environmental accidents
Environmental fines
Environmental certification
Cost of compliance

Total water use
Recycled water use

Total material use
Recycled material use
Hazardous material use

Total energy use
Renewable energy use
Fossil fuel use

CcO2
Toxic emissions

Hazardous solid waste
Non-hazardous solid waste
Hazardous liquid waste
Non-hazardous liquid waste
Waste recycled

Table 3. The framework of Industrial Sustainability Performance Measurement Systems.

3.2. Analysis of TBL pillars coverage

When developing the framework, we aimed at guaranteeing a complete and adequate coverage of
information for the different ISMPSs over sustainability issues. For this reason, we performed a
first analysis of the coverage on the three pillars of sustainability by the indicators proposed and

relying on the categorization of indicators proposed in each ISPMS (reported in Table 3): the
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coverage of the single pillar for each ISPMS was evaluated as the number of indicators referred to
the specific pillar on the total number of indicators considered by the ISMPS. The results are
graphically displayed in Figure 3.

Figure 3. Coverage of the three TBL pillars. For each ISPMS, the three pillars of sustainability are reported. For each
pillar, the percentage of indicators considered in it by the different ISPMS is reported, as well as the total number (in
brackets).

Full ISPMS Intermediate ISPMS Core ISPMS

Moving from the Full ISPMS to the Core PMS, few differences can be spotted among the coverage
of the different pillars. In the Full ISPMS, we can note that the environmental aspect seems to have
received more attention in the literature (40% of coverage) with respect to the social area (25% of
coverage). By looking at the Intermediate ISPMS, there is a more balanced distribution among the
three different pillars, while in the Core PMS economic indicators appear to be prevalent (39% of
coverage).

However, by simultaneously analyzing the coverage of TBL pillars and related intersections,
interesting results emerged. To conduct this analysis, we characterized the indicators considered in
each ISPMS according to their coverage of TBL pillars and related intersections, obtaining seven
categories as follows (Trianni et al., 2017): Economic; Social; Environment; Environment-
Economic; Socio-Economic; Socio-Environment; Sustainability. The classification was based on
the pillars about which a single indicator can provide information, regardless of the initial
classification of the ISPMSs. In this way, we aimed at double-checking our considerations during
the initial development of the model, considering that forcing a clear distinction among the different

pillars of sustainability would be inappropriate. As the results (reported in Figure 4) show, the
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interconnections among pillars should constantly be highlighted, and proper attention should be

paid to their intersections.

Figure 4. Coverage of the TBL pillars and their intersections. For each ISPMS, the three pillars of sustainability and
their intersections are reported. For each pillar and for each intersection, the percentage of indicators in the different
ISPMS able to provide information is reported, as well as the total number (in brackets).

Full ISPMS Intermediate ISPMS Core ISPMS
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Our analysis allows drawing two important considerations when looking at the intersections among
sustainability pillars. First, the share of indicators providing information on more than one pillar
increases when shifting from the Full ISPMS to the Core ISPMS. This is particularly evident when
looking at the joint intersection between the three pillars, shifting from 20% (Full ISPMS) to 28%
and 36% (respectively Intermediate and Core ISPMS). Secondly, by shifting from the Full ISPMS
to the Intermediate ISPMS, and then to the Core ISPMS, the number of indicators providing
information exclusively on economic pillar diminishes, and the same holds true for indicators
exclusively focused on social aspects, which are no longer found in the Core ISPMS. In addition,
none of the ISPMSs considers indicators that provide information purely on environmental aspects.
Those findings seem to corroborate the discussion over the need for a firm to simultaneously
encompass economic issues when dealing with other ones, as previously underlined for the

environment dimension by Winroth et al. (2016).
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4. Research method

4.1. Selection of companies

The empirical investigation is based on explanatory case studies (Voss et al., 2002; Yin, 2009) with
semi-structured interviews, questionnaires, and secondary material, as for the purposes pointed out
by previous research of confirming (or disconfirming) an already conceptualized theory (Lynham,
2002) in a specific context of interest (Denzin and Lincoln, 2011; Ketokivi and Choi, 2014),

anticipated empirical findings by a priori formulation of propositions (Ketokivi and Choi, 2014).

Through the case studies we have tested the theoretical framework with respect to: (i) capacity to
represent, i.e. to properly consider all the performance indicators related to sustainability in
industrial firms, according to the different firm characteristics; and (ii) ease of use, i.e. the effort
required for the application of the proposed ISPMSs, in terms of resources and possible difficulties

according to different characteristics of a firm.

In defining the aim of the study, it is necessary to identify the case to be studied and whom to
interview within the case study (Meredith, 1998). The unit of analysis of the present study is the
single firm (Dooley, 2002). Based on the distinction made by Handfield and Melnyk (1998) and
Voss et al. (2002), we have relied on multiple case studies, but each has been treated as a single
case: the conclusions of each study will be considered in the light of multiple case studies, but
examined on their own (Dooley, 2002). As for interviewees for each case, we selected people
involved in the decision-making process and knowledgeable of all the aspects related to

sustainability.

Case studies were carried out in five manufacturing firms located in the Lombardy region in Italy
(Table 4), given the importance of manufacturing to Europe as well as at the national level

(European Commission, 2018; Eurostat, 2018; Manyika et al., 2012), and the ample room for
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improvement of performance in all areas of industrial sustainability (EASHW, 2009; European
Commission, 2017; Meng et al., 2018). The sample used to test the framework is heterogeneous by
sector (different manufacturing sectors) and size. The selected set of cases was deemed adequate for
validation (Eisenhardt, 1989; Pagell and Wu, 2009), also being interested in the theoretical
generalizability of results (Eisenhardt, 1989), rather than its statistical one (Hillebrand et al., 2001;
Stuart et al., 2002). Our choice of interviewees for the cases (reported in Table 4) further guarantees

that we collected appropriate data with the aim of literal replication (Shakir, 2002; Voss et al.,

2002).

Firm Sector Employees [#] Turnover [M€/y] Size Interviewees

1 General purpose machinery 35 12 Small Technical Director
2 Furniture 248 53 Large Plant Manager

3 Weaving of Textile 13 5 Small Production Manager
4 Tubes, pipes, hollow profiles 185 42 Medium Operations Manager
5 Metal products 95 18 Medium Technical Director

Table 4. Detail of the firms considered for the test of the framework.

4.2. Data collection

The data collection and organization occurred over three stages. Firstly, the sample was selected

starting from the database “AIDA” (https://aida.bvdinfo.com/) containing relevant industrial

information for Italian firms using EU classification of industrial activities (European Commission,
2008). Firms were contacted by e-mail or telephone and, for those that accepted to participate to the
research, secondary data (firm websites, reports) was collected, regarding the firm’s structure and
production processes. Where available, information regarding projects, initiatives and similar

activities toward increased industrial sustainability and sustainability reports were also collected.

Secondly, the investigation within the firm was divided into two parts. The investigation was
carried out using semi-structured interviews and lasted, on average, a couple of hours (one hour for
each part). We used a questionnaire as a guide that allowed the standardization of the sequence in

which the questions were asked and minimization of the impact of contextual effects (Patton, 1990).
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We also asked several additional open-ended questions, supplemented by questions emerging
during the interview, as well as free comments (Dicicco-Bloom and Crabtree, 2006; Remler and

Van Ryzin, 2014).

In the first part of the investigation, interviewees were asked to describe the firm in terms of: 1)
product and processes, and possible constraints in terms of resources (i.e. money, staff, time) that
may influence daily activities; i1) previous performance assessments with regards to sustainability
issues; and 1iii) activities implemented toward increased sustainability, also detailing the decision-
making process. We also performed a tour of the plant, so to directly observe the status quo, as well
as to identify possible problems related to sustainability areas. This preliminary assessment, also
through a triangulation of primary and secondary data, allowed us to understand resource
availability, competences, and awareness and commitment towards sustainability issues and to

propose one of the three developed ISPMSs accordingly.

In the second part of the investigation, we selected a specific ISPMS for each firm, based on the
preliminary assessment. We showed the interviewees the specific ISPMS selected, describing the
different performance indicators included. We asked the interviewees to discuss the capability of
the ISPMS to adequately represent all the relevant performance indicators related to sustainability
in industrial firms and whether the indicators were sufficiently distinct (and with the same level of
detail). Furthermore, we have asked to discuss effort given to understand and apply the ISPMS in

their specific context.

Thirdly, we transcribed and coded the interviews, and further corroborated it with secondary data
and other findings emerged during the interviews, such as field notes taken by investigators, in
order to identify possible misalignments. In case of misalignments, a second meeting (either face-

to-face or via phone) was used for further clarification. Interviews were transcribed as soon as
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possible after the investigation, in order to maximize recall, facilitating follow up and filling gaps in
the data (Voss et al., 2002).
The detail of the case study protocol and of the multiple sources of evidence used during the

conduction of the case studies is reported in Table 5.

Source 1. Semi-structured interview

General questions

e  Firm introduction (turnover, employees, sector, certifications)
e Interviewee/s introduction (role in the company, main interests, experience)

Products and

e  What are the products produced?
e  What are the production process activities performed?

processes e  What are the main constraints regarding resources that influence your daily
activity?
Referring to the current situation:
e e  How are sustainability-related performance measured?
Sustainability Y P

e  What actions have you so far implemented towards increased sustainability?
e  What sustainability-related certifications do you hold?

Evaluation of the
ISPMS

Referring to the proposed ISPMS, after the description of it by the interviewers:
e Do you think the proposed system properly represent all the relevant performance
indicators related to sustainability in industrial firms?
o Ifyes, what are the features that you appreciate the most?
o Ifno, why?
e Do you think it would be easy to apply the proposed system in your specific
context?
o Ifyes, what are the features that you appreciate the most?
o Ifno, what are the main criticalities?

Further comments

Referring to the proposed ISPMS, if interviewees available:
e Are there further clarifications you would like to receive about the proposed
ISPMS? If yes, what?

on the ISPMS e  Are there any other comments and opinions you would like to share about the
proposed ISMPS? If yes, what?
Source 2. Direct observations
Plant tour Direct observation of the plant during working shifts, with the possibility to ask further

questions about the process and the approach towards sustainability to the interviewees.

Source 3. Field notes

Field notes —
semi-structured
interview

We collected field notes during the conduction of the semi-structured interview. The
collected field notes are both descriptive and reflective.

Field notes —

We collected field notes during the plant tour. The collected field noted are both descriptive

plant tour and reflective.

Source 4. Secondary materials
Company’s General firm information (e.g. strategy, mission, history); certifications (e.g. ISO 9001, ISO
website 140001, OHSAS 18001); sustainability report and initiatives.

News and press

National database

Up-to-date news related to the company or its attitude towards increased sustainability (e.g.
projects, initiatives)
Economic reports and balance sheets

Table 5. Detail of the case study protocol and of the multiple sources of evidence used.

4.3. Data analysis

Data were analyzed through a content analysis approach. The coding was executed manually by the
investigators. Transcriptions were independently coded, and the results were discussed to reach a

common understanding of them, and additional insights from secondary data were added to enrich
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the findings and overcome possible missing information. For the analysis of the data, we applied
reflective analysis (Dooley, 2002) and adopted an emergent coding (Stemler, 2001), formulating
definitions and categories basing on the theoretical background and the research questions
(Kohlbacher, 2006; Kolbe and Burnett, 1991; Mayring, 2000).

For the first part of the investigation we applied the Structural code (Saldafia, 2009), generally
recognized as being particularly suitable for semi-structured data-gathering protocols. For the
second part of the investigation we applied the Evaluation code (Saldana, 2009), given the need to
understand judgments about the merit and worth of the proposed framework. We then applied a
second coding to the part of the investigation using an Axial code to reassemble data that were
"split" in the first coding, also based on Voss et al. (2002). The findings from the content analysis
are reported in the next Section. In Appendices 1 and 2, a summary of the analysis developed is

reported for the first part and second parts of the investigation, respectively.

Concerning methodological rigor (Yin, 2009), construct validity was obtained with triangulation of
multiple sources of evidence (Baskarada, 2014; Beverland and Lindgreen, 2010) and with the
development of a chain of evidence (Benbasat et al., 1987), assessed through the creation of an
electronic folder containing all the data collected for each case (Rowley, 2002). Multiple sources of
evidence were used to increase the internal validity of the analysis (Voss et al., 2002; Yin, 2009)
and obtain rigorous results (Hays, 2004). The specification of the population, replication logic, and
use of multiple case studies assessed the extent to which the results can be generalized (Beverland
and Lindgreen, 2010; Meredith, 1998). Furthermore, multiple case studies, helped to increase the
reliability, together with the use of the case study protocol, (Beverland and Lindgreen, 2010; Voss
et al., 2002), and contrasted possible researcher bias (Barratt et al., 2011), also involving more than

one interviewer in each investigation (Eisenhardt, 1989; Voss et al., 2002).
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5. Main findings of the empirical investigation

5.1. Selection of the ISPMS

Firstly, we analyzed the selection of the proper ISPMS for each firm, based on the firm’s profile,
sustainability, and sustainability performance measurement. Based on the analysis of the evidence
gathered and discussed in the introductory part of the investigation (Appendix 1), we proposed the

Full ISPMS to Firm 2, the Intermediate ISPMS to Firm 4 and 5 and the Core ISPMS to Firm 1 and

Firm 3:

e Firm 1: Regarding sustainability, the Technical Director said “to make the firm more
efficient is the first step toward sustainability” but “I would not say we make true
sustainability”. The interviewee of Firm 1 stated they “mainly based measurement on
experience and sensitivity [...] without a quantitative approach” or a “focus on economic
aspects”. Besides traditional economic performance, they focus exclusively on those related
to regulation compliance, without any further effort, due to the staff’s lack of time. The
Technical Director also highlighted that “a small firm like us has the need for a tool that can
be easily used” and that “the most important thing is the handling of the set of indicators”
adding that “firms like ours would be able to implement only an easy-to-manage instrument,
otherwise, we would focus only on being compliant with regulations”.

e Firm 2: according to the Plant Manager of firm 2 “sustainability is a thousand different things,
like the environmental issue, the economic issue and the social issue: when a plant tackles all
these problems it is sustainable”. The assessment and evaluation of sustainability performance
is carried out in detail, as stated by the interviewee: “once certificated, a firm must concern with
every single detail [...] we cannot leave anything up to change and everything must follow a
plan”. Noteworthy, for Firm 2 “one must be compliant with regulation, no matter the effect on
performance and market”’, adding however that “the regulation and the performance are not in

contrast, sometimes they just don’t speak the same language”. The interviewee also underlined
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that a PMS should always be simple: “when things are complex to be used, people get tired of
them: less is definitely more” otherwise it “could result being inapplicable”.
Firm 3: for the Production Manager of Firm 3 “sustainability is an environmental issue”. So far,
the firm does not “have a system to measure sustainability performance, but it could be
interesting to have it”. According to the interviewee, Firm 3 “focus on costs” even if they are
“working for improving our efficiency”. Firm 3 showed in the overall a rather reactive attitude
towards sustainability issues, like the installation of smart metering (“Our technician suggested
us to install smart metering”), installation of a photovoltaic grid (“Our cover of the roof was in
asbestos cement, so we had to substitute it” and “the constructer suggested that we install a
photovoltaic grid”), or for the reduction of noise (“We were reported and we resorted to
soundproofing”).
Firm 4: according to Operations Manager of Firm 4 “sustainability is the possibility for the
firm to keep on existing”. Firm 4 does not have in place an integrated sustainability PMS.
They have good control of production performance, thanks to “different metering allowing
us to monitor different areas”. Regarding the other areas of sustainability, they “have a
person in charge of the supervision of the health, safety and environment areas” and as a
general weak point they think they “miss an analysis by the operators, who are the ones at
the production site every day”. The Firm has started to identify the relationship between
safety and productivity, and as such are now implementing measures to build upon this:
“being compliant with safety regulation may seem an obstacle at the beginning, but in the
long term it is an advantage”. The Operations Manager stated he would like to have a
system that allows the firm to have a general view, knowing “how my firm is going” and
then deepening “the detail to understand where and how to take actions”.
Firm 5: according to the Technical Director of Firm 5 “sustainability is the capability of a firm
to manage the resources so that external institutions don’t compromise the life of the firm”. The

firm has a very structured PMS that is “capable of evaluating the productivity of each machine
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and each worker”, also considering the flow of wastes. An additional, but not structured, focus
is given to “the relationships among the workers” the “exchange of information” in the firm in
the overall context. The other aspects of sustainability in processes are managed so that the
“external authorities don’t bother me”. The Technical Director added that “the handling of a

system is the most important characteristic”.

5.2. Evaluation of the ISPMSs

5.2.1. Evaluation of the Full ISMPS

The Plant Manager of Firm 2 appreciated the “indicators are not production indicators, but
definitely indicators covering all the aspects related to production”, considering all the pillars of
sustainability and reflecting his perspective on sustainability. He also considered the ISPMS to be
characterized by a high level of generalizability, thus being applicable in different sectors. Indeed,
he deemed the model to “contain all the relevant indicators for our sector”, adding that “the system
provides a general perspective [...] selecting the right indicators, it can be applied in different
sectors”’. He provided an example, explaining that indicators like Throughput or Inventory cost
were not deemed particularly relevant for the specific firm (since they are in response to customers’
orders).

In this regard, we found empirical confirmation that those types of indicators are more suitable for
make-to-stock production rather than engineering-to-order ones, as previous research has
highlighted (Shao and Dong, 2012), but we acknowledge that such indicators could gather relevant
information about sustainability issues (Amrina and Vilsi, 2014; Medini et al., 2015).

The Plant Manager of Firm 2 also stated the Full ISPMS can provide “a complete overview in less
than a day”, reckoning it would allow the firm to collect relevant information in a very short time,

without any particular difficulties.

5.2.2. Evaluation of the Intermediate ISPMS

The Operations Manager of Firm 4 deemed the system to be “really broad and comprehensive”,
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spanning “over all sustainability”. The same view was shared by the Technical Director of Firm 5,
who declared the system to be “complete and well structured”. In particular, he underlined that it
was “very well balanced” and appreciated that “many indicators in the environment and social
area can also tell you a lot about economic performance”. Such a result represents an important
finding, since it shows the need to develop an ISPMS that is able to gather indicators related to
multiple pillars of sustainability in operations, as previous research has noted (Howard et al., 2018;
Trianni et al., 2019). Moreover, the Operations Manager of Firm 4 stated that the model can “clarify
all the aspects related to sustainability also to the sloppiest industrial decision-makers”, while the
Technical Director of Firm 5 appreciated the fact that the ISPMS is “a comprehensive measurement
system, able to give you a snapshot of your situation”.

The Technical Director of Firm 5 deemed the proposed ISPMS to be manageable during its use.
Notably, he did not underline any difficulty, and declared “I think I could easily use it’. The
Operations Manager of Firm 4, however, believed that the effort required for the evaluation of the
ISPMS was rather substantial. This was related to two aspects: on the one hand, because in a firm
such as Firm 4 “such an analysis is not conducted. Much is still left to sensitivity”; on the other
hand, “everything is perceived as a burden if it is not automated”. Nevertheless, he thought the
system was “very useful to make firms conscious of where to act”. He stated that the system “would
be very useful in a firm like ours [...] it could be an inspiration for us”, since “using such an

analysis, I can see things better and in advance”.

5.2.3. Evaluation of the Core ISMPS

Both the Technical Director of Firm 1 and the Production Manager of Firm 3 deemed the Core
ISMPS to be complete. The former thought the model was appropriate to “understand the impact of
your activities by also comparing it with other sectors”, adding “I had already thought about some

of these indicators [...] but the structure is much more interesting”’. The system allowed Production
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Manager of Firm 3 to identify new indicators: “I have never thought of measuring these indicators,
other than the economic ones”.

Regarding the applicability of the Core ISPMS, Technical Director of Firm 1 stated that “in half a
day you can have a complete view of your performance”. The system was deemed as helpful in
“understanding with a more scientific approach what it is happening” by the interviewee of Firm 1,
and able to make decision-makers “aware of important aspects that in the daily activity you would
neglect or not properly analyse” by the interviewee of Firm 3. In particular, the Production
Manager of Firm 3 underlined the systems “would give me more autonomy, allowing me to better
understand the situation and clarify some points regarding the validity of specific interventions”.
This consideration stresses one of the common barriers faced by companies in adopting measures
for improved sustainability (Orji, 2019). While in Firm 3 no particular difficulties were spotted with
reference to the use of the ISPMS, the Technical Director of Firm 1 stated that “the only obstacle 1
see in our firm is the indolence that may lead to a partial application”. We deemed this difficulty to
not be related to the ISPSM, as then better explained by the interviewee: “this work is very helpful
for SMEs, because it requires short time to be applied [...] The application of a more complex tool

would be much more complicated [...] it seems like a tool that can be used”.

5.2.4. Discussion on the results from the evaluation

The capability to represent was confirmed for all the three ISPMSs by all the interviewees, who
evaluated the different ISPMSs which were deemed as complete and detailed. Furthermore, the
capability to be general ISPMSs and easily adaptable to the specific context was particularly
appreciated. In this regard, the ISPMSs were able to adapt to different contexts and allow a holistic
assessment of all industrial sustainability related performance, as suggested by Trianni et al. (2019).
Additionally, our interviewees also considered the distribution of indicators to be balanced among
the different pillars of sustainability, as well as process oriented and useful for industrial decision-

makers towards the identification of possible improvements, as also suggested by Garengo et al.
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(2005).

Regarding the applicability of the ISPMSs, the results were also positive. In particular, thinking
about the aim of reducing the effort for firms with few resources or low sustainability awareness,
the Intermediate ISPMS and Core ISPMS allowed interviewees to have an ISPMS that is aligned
with their resources, while the Full ISPMS was more appropriate for firms with more resources,
awareness, and commitment regarding sustainability issues.

In this regard, during the interviews, we had the glimpse that our Intermediate and Core ISMPSs
were perceived as a tool that is able to support decision-makers in the transition towards the
measurement of sustainability issues, which is an important research gap that has been pointed out
(Cayzer et al., 2017; Waas et al., 2014). We, therefore, believe the adoption of the ISPSMs could
represent a valuable driver to guide companies in more easily and effectively understanding where
to undertake further actions for improved sustainability. Nevertheless, we also share the view of
Aiginger (2014) who point out the need for campaigns - promoted by national and/or regional
policy-makers - aimed at increasing awareness towards sustainability issues as well as increased
technical knowledge and skills through metering (Darton, 2015), as preliminary steps for
undertaking a structured ISPMS.

This capability of quickly pointing out critical areas of sustainability, as well as strengths by
companies, seems to be an important feature that was particularly appreciated by decision-makers,
who are usually involved with lengthy, burdensome, and invasive campaigns of investigation

(Schaltegger and Wagner, 2006).

6. Conclusive remarks

6.1. Contribution of the study

The developed ISPMSs we developed can provide a contribution to the discussion by offering

instruments to stimulate the adoption of a holistic perspective over industrial sustainability. In fact,
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the novel framework was conceived considering interdependencies among the different pillars and
characterizing each indicator in terms of information provided with regards to sustainability
performance. The number of indicators proposed in each ISPMS, as the preliminary discussion with
firms, seems to be reasonable and in line with the thresholds identified by several authors in the
previous literature (Globerson, 1985). In particular, the different levels of application provided with
the framework - the increased number of indicators from the Core ISPMS to the Intermediate
ISPMS (up to the Full ISPMS) - allow to start by considering only few indicators, and then move to
a larger number, as suggested by Eckerson (2009), offering adequate support to firms wishing to
move towards a more detailed assessment of sustainability performance, according to increased
awareness towards the issue. Our preliminary test of the framework allowed us to investigate the
capability of representing the three ISPMSs and their ease of use. As the interviewees confirmed,
the proposed ISPMSs are deemed appropriate for use in the specific contexts where they have been
proposed: considering our choice of a heterogeneous sample of manufacturing firms in terms of
sector, firm size, and awareness towards sustainability issues, our exploratory investigation seems
to show that the developed approaches can well address previous concerns regarding applicability
of ISPMSs in different contexts related to contextual factors (Arena and Azzone, 2010; Singh et al.
2014) or sustainability awareness (Johnson, 2015; Witjes et al. 2015). The interviewees also stated
that the provided ISPMS offers valuable support, and perceived as different from previously
developed approaches, which are either too specific on some pillars of sustainability (Feng and
Joung, 2009; Graedel and Allenby, 2002; Henri and Journeault, 2009) or too broad and distant from
the daily industrial operations of a firm (Sala et al., 2015). The growing pressures experienced by
firm to address environmental and social aspects of sustainability from both external and internal
stakeholders (Lozano and Huisingh, 2011; Stacchezzini et al., 2016) and the need for a framework
with very detailed information over sustainability issues (Azapagic, 2004; Long et al., 2016)

represents a critical aspect to which we have tried to offer a contribution.
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The capability of the framework to encompass previous approaches for sustainability measurement,
its specificity (in terms of resources measured) and, at the same time, its scalability according to
different contexts, could represent a valuable advance to the academic discussion over ISPMS.
Moreover, such a comprehensive framework could represent the theoretical backbone for empirical

investigation and assessment of industrial sustainability issues in different contexts.

As revealed by the preliminary discussion, industrial decision-makers could benefit from the
proposed framework by offering a comprehensive approach for assessment industrial sustainability
performance, also allowing better understanding what action could be taken to improve
performance. Indeed, the holistic approach to sustainability measurement allows a comprehensive

and contemporary view of all the different aspects of performance.

We believe the developed framework could also support policy-makers by offering a
comprehensive set of indicators for measurement of sustainability in industrial operations, in
support of more effective regulatory sustainability policy frameworks, also considering the need for
a more specific design of incentives to encourage firms toward improved environmental and social
sustainability (Aiginger, 2014), in light of UN sustainable development goals (United Nations,

2015).

6.2. Limitations and further research
While the study provides a preliminary positive empirical test for the initial set of propositions, we
would like to acknowledge its limitations.
Even if we aimed at being completely objective in the development of the framework, some bias
may be present given the methodologies used. Further research is necessary to evaluate the
generalizability in other contexts of application — for example, developed versus developing
countries. Moreover, the sample size for application and test is adequate for the purposes of
theoretical generalizability (Stuart et al., 2002), but further research would be needed for statistical

significance. Future work could further explore different contexts in terms of firm sector,
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geographic location, and size. Valuable analyses of the critical areas where firms should pay more
attention could be offered by increased sample size, which would also support of policy-makers for
future actions.

Additionally, due to limitations in sampling of firms, we could not interview those in the same
leadership position in all the firms, and did not interview multiple individuals within the same firm.
Further research could investigate the perspectives of multiple industrial decision-makers with
responsibilities over multiple sustainability aspects. This would allow understanding possible
mismatches and conflicting perspectives, which may represent a major barrier to the
implementation of measures for improved sustainability (Cagno et al., 2018). Furthermore, we
could not assess the effects of assessment of sustainability performance - either in terms of
resources used or outcomes — which are required for shifting from one ISPMS to another. To do
this, a horizon far beyond the present research would be needed. Indeed, several years may be
required for structuring, implementing, and monitoring a given ISPMS as well as gathering
adequate information and performing its evaluation before shifting to a different ISPMS. In
particular, it would be interesting to evaluate the effect of different organizational strategies that
might be implemented towards increased sustainability (Mintzberg and Waters, 1985) and the effect
of the application of reward-driven systems, which are proven to foster performance and innovation
(Fellnhofer, 2018; Gharaei et al., 2015). Considering the potential trade-offs between cost and
completeness and precision of the system, and environmental and economic performance (Arena et
al., 2015), the application from an industrial sustainability perspective appears to be quite
challenging, considering the additional variables to be considered (Frini and Benamor, 2017; Gong
et al., 2018; Nicoladescu et al., 2015).

In the present work, we have only discussed the ISPMS considering single companies, regardless of
their involvement in a specific supply chain. In this regard, we believe further insights and
comparisons could stem from a simultaneous application of the proposed ISPMS to several

companies operating in the same supply chain. Going beyond the firm’s boundaries (Salvado et al.,
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2015; Seuring and Miiller, 2008) and considering that competitiveness is increasingly at a supply
chain level rather than at a single firm (Massaroni et al., 2015; Shibin et al., 2017), further
understanding of sustainability issues and the impact of an industrial sustainability measure could
come from the development of a framework to evaluate sustainability performance in an entire
supply chain. The simultaneous application of such two frameworks, in the context of a group of
firms operating in the same supply chain, could offer additional knowledge to decision-makers and

policy-makers about critical sustainability issues in industry.
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Appendix 1: Analysis of the first part of the investigation

Category Subcategory Firm 1 Firm 2 Firm 3 Firm 4 Firm 5
Size Small Large Small Medium Medium
Sector “Mechanical production, we produce ~ “We perform all the activities related ~ “We produce fabrics for mattresses” “We produce specific components for ~ “We produce connectors for the
machine for soap producers” to the manufacture of furniture” the energy sector” pneumatic industry”
“We engineer and develop each “In our sector the “lot one” is very “We produce on order” “We design the product if the “Our production is made for the 90%
machine basing on the customer’s popular” “Our products are personalized” customer asks us to, otherwise the by off the shelf products, and for the
needs”’ “Each product can be potentially customers themselves design the remaining 10% by custom made
“The machines that we produce can different from the others” product and we produce it” products”
be personalized” “We have very few finished products
“We produce basing on orders” in the warehouse”
OOfr tg}':l:lzatlon “We don’t consume large amounts of We had to move the production
A . resources, we basically produce from big lines to smaller ones, whit
Firm’s profile  production

and process

Certifications
held

Definition of
sustainability

Sustainability

Sustainability
in the firm

capital goods”

“We don’t have a very big plant, we
mainly make our suppliers work”
“The plant does not consume much
energy: environmental and pollution
related expenses are very low”

“We target product quality over
other possible options

“We don’t have any type of
certification, not even the Quality
one”

“Sustainability is to operate without
compromising the resources of our
planet, or, very little, without
compromising the resources of the
Country or of the industrial system”

“It is important to be realistic [...]. It
is possible to target eco-efficiency in
the medium term without
compromising the economic aspect
[...] the risk sometimes is to be
oblige to make choices that are not
sustainable from an economic
perspective”’

“To make the firm more efficient is
the first step toward sustainability”
“I would not say we make true

which it is possible to have more
product flexibility”

OHSAS 18001, ISO 14001, ISO
9001

“Our firm is particularly strict
regarding the organization”

“Fifty years ago, sustainability was
the economic return of a machine in
a given time. Today sustainability is
a thousand different things, like the
environmental issue, the economic
issue and the social issue: when a
plant tackles all these problems it is
sustainable”

“When we talk about environment,
we mainly talk in terms of emission,
but not only gases, it comprehends,
for example, also the noise”

“I think sustainability is a matter
also related to the firm size [...] it’s
very difficult to amortize a plant that
works with a lot size of one [..]

We have been the first one to
introduce water- based paints, we
started quite a long time ago, so we
can same we somehow have a return
now”

“We have now just installed a plant
for the reduction of the energy

“In my opinion sustainability is an
environmental issue”

“Sustainability is environmental
sustainability [ ...] We also have a
photovoltaic plant [...] We had to
renovate the roof, the constructer
suggested that we install a
photovoltaic grid”

“We had benefits from the
installation of the photovoltaic plant
[...] we noted that the energy
consumption was increasing over the
years [...] so we evaluated the

ISO 9001

“Sustainability is the possibility for
the firm to keep on existing”

“A private firm like our must earn in
order to invest and be always up to
date [..] All the investments must be
Justified and allowed from an
economic viewpoint, and this derives
from the earnings”

“We hold ISO 9001. The future goal
is ISO 14001~

“Sustainability is the capability of a
firm to manage the resources so that
external institutions don’t
compromise the life of the firm”

“I do think we don’t consider enough
the opportunities deriving from
sustainability”
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sustainability”
“Regarding safety we follow the
existing legislation”

consumption of the firm [...] all the
material scraps are considered as
biomass”

savings”’

“We had some problems with noise
[...] We were reported and we
resorted to soundproofing”

Sustainability
Performance
Measurement

Sustainability
Performance

Measurement:

How

Sustainability
Performance

Measurement:

What

Performance
and
regulation

Needs for an
effective

performance
measurement

“We seldom measure, mainly when
some problem arises and we have to
take remedial actions”

“We mainly based measurement on
experience and sensitivity [ ...]
without a quantitative approach.
However, the quantification helps in
better developing corrective actions”

“We focus on economic aspects”
“We had never had the time to focus
on the measurement of performance
other than the ones related to
compliance with legislation”

“Sometimes being compliant with
regulation is not helpful because the
regulation is not targeted on specific
needs”

“The most important thing is the
handling of the set of indicators”

“A small and easy tool can be used
more than a complex one, and can be
also used to introduce the attitude in
the firm”

“A small firm like our has the need
for a tool that can be easily used”
“We lack of resources for a complete
performance measurement”’

“Firms like ours would be able to
implement only an easy-to-manage
instrument, otherwise, we would
focus only on being compliant with
regulations”

“A set of performance indicators is
fundamental to understand where it
is necessary to take actions”

“Once certificated, a firm must
concern with every single detail [...]
we cannot leave anything up to
change and everything must follow a
plan”

“We don’t have an index to measure,
but different indicators according to
the specific needs for example of
paints, wood panels production or for
the production or purchase of
complementary materials”

“The regulation and the performance
are not in contrast, sometimes they
Jjust don’t speak the same language”

“The performance should be positive
regardless the fact that I hold a
certification and, at the same time,
you can be compliant with regulation
and have negative performance”

“One must be complaint with
regulation, no matter the effect on
performance and market”

“When things are complex to be used,
people get tired of them: less is
definitely more”

“A complex system could result being
inapplicable”

“We don’t have a system to measure
sustainability performance, but it
could be interesting to have it”

“We focus on costs”

“We are currently working for
improving our efficiency. Our
technician suggested us to install
smart metering in each department
and on each machine for the
evaluation of the consumption”
“Our cover of the roof was in
asbestos cement, so we had to
substitute it”

“We had to perform the adaptation of
the existing electric power grid”

“We realised it was necessary to
have data to evaluate [...] We have
different metering allowing us to
monitor different areas”

“Each machine has a data detection
system”

“We have a person in charge of the
supervision of the health, safety and
environment areas”’

“We miss an analysis by the
operators, who are the ones at the
production site every day [...] we
would like to translate the idea of the
suggestion box in an integrated
system of data collection”

“We have a very good control on the
production [ ...] for the other
performance, we have a person in
charge of the supervision of the
health, safety and environment
areas”

“We understood that being compliant
with safety regulation may seem an
obstacle at the beginning, but in the
long term it is an advantage”

“I have always wanted to make it
easy, even if it is not. [ want to know
how my firm is going, only after this I
want to know the detail to understand
where and how to take actions”

“We are developing right now a
system capable of evaluating the
productivity of each machine and
each worker”

“I'm really focused on [ ...] the
exchange of information among them
and between them and me”

“Just measuring we realised how
many scraps we were producing and
how much we are wasting”

“I'm really focused on the constant
monitoring of the relationships
among the workers”

“Processes and work should be
organized so that external authorities
don’t bother me”

“The handling of a system is the most
important characteristic”
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Appendix 2: Analysis of the second part of the investigation

Category Subcategory Firm 1 Firm 2 Firm 3 Firm 4 Firm 5
Capacity to  Completeness “It is important to be able to “It contains all the relevant “The system is complete, I won't add “Indicators are fine” “I dare to say it is very complete and
represent (Main feature) understand the impact of your activities  indicators for our sector” anything” “A very good job, really broad and well structured”
by also comparing it with other “These indicators are not production comprehensive” “It is very well balanced: many
sectors”’ indicators, but definitely indicators “It spans over all sustainability indicators in the environment and
covering all the aspects related to social area can also tell you a lot
production” about economic performance”
“The system reflects my idea of
sustainability”
Generalization “It is important to be able to “I think the system provide a general - - -
(Additional feature)  understand the impact of your activities — perspective that however is able to fit
also comparing it with other sectors” to different sectors”
“This is a general framework, while
we operate in a specific sector:
selecting the right indicators, it can
be applied in different sectors”
Identification of “Personally, I had already thought “I've never taken into consideration “I have never thought of measuring
new performance about some of these indicators, like the so many indicators” these indicators, other than the
indicators non-compliant products, but the given economic ones”’
(Additional feature)  structure is much more interesting”
Usefulness Applicability “Ifit is possible I would like to have a “It allows you to have a complete “The system would give me more “Using such an analysis, I can see “I am very interested in using this
and (Main feature) copy of the system” overview in less than a day” autonomy, allowing me to better things better and in advance” system, it seems really ease to be
Ease of use “In half a day you can have a complete understand the situation and clarify “This system is very helpful. It would  applied and managed”
view of your performance” some points regarding the validity of  be very useful in a firm like ours. I
specific interventions” would ask you to give us a copy, 1
think it could be an inspiration”
Usefulness “The system would help in “This system gives a 360° overview” “The system makes you aware of “It is able to shed light over critical “I do appreciate the idea of a
(Additional feature)  understanding with a more scientific important aspects that in the daily situations, putting down for the comprehensive measurement system,
approach what it is happening” activity you would neglect or not record aspects that also the most able to give you a snapshot of your
“The system would allow us to compare properly analyse” careful manager would not see” situation”
the numerical values obtained for “It clarifies all the aspects related to
example every quarter, and this would sustainability also to the sloppiest
be very helpful to improve efficiency in industrial decision-makers”
the long-medium term” “This is a great analysis work and it
is very useful to make firms conscious
on where to act”
“In a general firm, like ours, such an
analysis is not conducted. Much is
still left to sensitivity”
Simplicity in the “This work is very helpful for SMEs, “It allows you to have a complete “I don’t think I will face any - “I don’t see any difficulties in
use because it requires short time to be overview in less than a day” difficulties using this system applying this system and I think [

(Additional feature)

applied [ ...] The application of a more
complex tool would be much more
complicated”

“The set simplifies the actions to be
undertaken”

could easily use it”

Difficulties
(Additional feature)

“It seems like a tool that can be used:
the only obstacle I see in our firm is the
indolence that may lead to a partial
application”

“Everything is perceived as a burden
if it is not automated”
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