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Abstract

Measuring industrial sustainability performance in manufacturing firms is still a major challenge for
both policy and industrial decision makers, with many firms, particularly small and medium
enterprises, struggling to properly engage with them. Hence, to understand the level of adoption of
industrial sustainability indicators and the issues preventing their effective measurement, and
stimulate further research in this area, a multiple case analysis of 26 small and medium
manufacturing enterprises across Germany and Italy operating in the chemical and metalworking
sectors was conducted. The findings show that only 18 indicators are in place on average.
Furthermore, too many firms still focus almost exclusively on the economic pillar of sustainability,
while social and environmental pillars are addressed almost exclusively for compliance with
legislation. Moreover, the research suggests that contextual factors may influence the firms’
perspective on sustainability and the way it is managed, as well as the certifications held by firms,
influencing, in turn, the number and types of indicators considered. An exploratory investigation
allowed identification of several important open issues, leading to future research avenues, and in

particular towards the development of a novel model to gauge sustainability in industrial activities,
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as well as adoption of policy-making measures for further emphasis on environmental and social

pillars when promoting the adoption of sustainability indicators.
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1 Introduction

Measuring sustainability performance is very important for industrial firms for several reasons, also
considering the overall impact of sustainability agendas, in both economic terms and for future
policy (European Union, 2017a).

Firms receive strong pressures towards increased sustainability and transparency about the results
achieved (Lozano and Huisingh, 2011; Stacchezzini et al., 2016) by external stakeholders (StaniSkis
and Arbaciauskas, 2009), to whom firms communicate their sustainability practices and
performance (Székely and Vom Brockem, 2017). By improving the relationship with external
stakeholders (Fuente et al., 2017), companies aim to enhance and protect their reputation (De
Villiers et al., 2016). External communication plays a relevant role in influencing the indicators
measured by a firm (Nordheim and Barrasso, 2007), leading to a focus on external rather than
internal reporting (De Villiers et al., 2016). However, sustainability and its measurement should be
included in industrial firms at a plant level (Neri et al., 2018) to effectively understand where
specific actions should be taken (Collins et al., 2016; Singh et al., 2012). Measuring performance,
indeed, helps raise awareness, guide decisions and evaluate the achievements of established goals
(Paju et al., 2010): therefore, performance measurement should be tailored on the firm’s needs
(Clarke-sather et al., 2011; Singh et al., 2016). Focusing on performance, benchmarking activities
are crucial, by conducting a closer and continuous comparison with peers and competitors (Ferrari

et al., 2019), also with respect to its specific sustainability three pillars — economic, environmental,
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and social - known as the triple bottom line (TBL), as recent research shows (Ghadimi et al., 2012).
Despite the traditional view of benchmarking as a “systemic learning process based on the
continuous comparison” among “operators in the same or related sectors” (Ferrari et al., 2019), the
importance of other contextual factors such as the geographical area (Apaydin et al., 2018; Tanzil
and Beloff, 2006) and firm size (Siebert et al., 2018) is increasingly emerging. Nevertheless, to
compare different firms, research suggests that the selected indicators should be standardized
(Ferrari et al., 2019) and be adaptable to different contexts (Paju et al., 2010).

While the need for effective measurement of sustainability in plant performance has been
underlined for some time (Globerson, 1985), the EU manufacturing sector is lagging in several
aspects (Johnson and Schaltegger, 2016) since, despite the claimed evolution of the manufacturing
system towards sustainability, e.g. standardized methods for assessing sustainability performance,
are still missing (Harik et al., 2015; Helleno et al., 2017).

Research shows that a proper selection of sustainability performance indicators can lead to
improved firm management (Staniskis and Arbaciauskas, 2009). Literature abounds with methods
for performance evaluation, but firms often present difficulties in selecting relevant indicators for
their specific goals (Lee and Lee, 2014), since the available methods are deemed to be too generic
for application in specific contexts (Hallstedt et al., 2015), without sufficient guidance for the
selection of performance indicators (Salvado et al., 2015). Research in this area is scarce, with the
development of sustainability performance indicators for industrial firms based mainly on literature
reviews (Helleno et al., 2017; Huang and Badurdeen, 2018) and theoretical frameworks (Fang et al.,
2016), and not sufficiently grounded on a firms’ perspective and needs (Delai and Takahashi, 2011;
Salvado et al., 2015). Hence, firms may either adopt the developed methods or develop their own.
In the first case, even if benchmarking is allowed, such methods have been recognized to be
excessively time consuming and not properly applicable in specific contexts (Hallstedt et al., 2015).

In the second case, even when starting from an available generic model (Staniskis and
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Arbaciauskas, 2009), further specification may be too resource intensive and might jeopardize
benchmarking activities.

Sustainability measurement is a relevant problem particularly for industrial small and medium
enterprises (SMEs) (Arena and Azzone, 2012). They are crucial for sustainability objectives in the
manufacturing sector (Singh et al., 2016), but often unaware of their relevance (Feil et al., 2017). In
addition, SMEs often lack their own sustainability performance measurement systems (Arena and
Azzone, 2012), or sufficient resources to properly and effectively measure performance (Tremblay
and Badri, 2018). In particular, research has suggested that the large amount of information often
required for performance assessment may be unsustainable for SMEs (Laurinkeviciute and
Stasiskiene, 2011; Winroth et al., 2016), given their characteristics (Singh et al., 2016).

Previous empirical contributions have selected and prioritized indicators basing on the perspective
of external stakeholders (Basu and Kumar, 2004; Naderi et al., 2017) and researchers (Feil et al.,
2015). However, by specifically selecting performance indicators according to the needs of the
single firm, the effectiveness of the measurement can be increased, as preliminary research on the
European aluminium sector has shown (Nordheim and Barrasso, 2007).

So far, the empirical discussion over the adoption of sustainability indicators in manufacturing
firms has been quite scarce, being limited to offering firms the adoption of previously developed
models. The application of such models is also scarce, with too few empirical contributions either at
the sectorial level — e.g., cement (Amrina et al., 2016), automotive (Salvado et al., 2015), steel
(Singh et al., 2007) - or with evaluation in a specific country — e.g., China (Long et al., 2016),
Taiwan (Hsu et al., 2017), Sweden (Winroth et al., 2016). As a research gap, there is thus a lack of
empirical evidence on how manufacturing SMEs measure sustainability performance, how
indicators are selected according to their specific needs, and whether the developed sustainability
performance measurement systems are actually suitable to them.

To offer a contribution to the research discussion in this area, an explorative multiple case study

was conducted by focusing on German and Italian manufacturing SMEs operating in the chemical
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and the metalworking sector, given the relevance of these two sectors and countries for the
European economy (Eurostat, 2013), with the aim of understanding possible issues that prevent
effective measurement through the adoption of previously developed methods for assessment of
performance, and the characteristics these methods should have to be both helpful and appropriate
for firms. To the authors’ knowledge, this study represents one of the first empirical contributions
exploring the adoption of sustainability indicators among SMEs — with an extensive focus on its
three pillars — and also gathers empirical evidence of the limits of the available systems,
simultaneously analysing two sectors and two countries in major European economies, and
considering the differences that emerge from the analysis of micro- and small firms compared to
medium-size firms, as suggested, for example by Micheli and Cagno (2010) and Trianni and Cagno
(2012).

The remainder of the paper is structured as follows: Section 2 discusses the Materials and Methods
used for the study; Sections 3 and 4, respectively, present and discuss the results. Concluding

remarks and further research avenues are offered in Section 5.

2  Materials and Methods

2.1 Selection of performance indicators to be used in the exploratory investigation

The investigation was conducted having as a guideline a previously developed method for the
evaluation of sustainability indicators in an industrial context. The purpose of adopting a guideline
is twofold: on the one hand, to have a common reference for the categorization of the indicators
collected; on the other, to spotlight possible issues that are not previously addressed by the
literature.

A literature review was carried out to select indicators for the model of performance. For this
crucial purpose, four criteria were deemed necessary — by using previous works as a guide (Chen et

al., 2013; Searcy et al., 2005): first, the model should simultaneously address the TBL (Carter and
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Rogers, 2008; Elkington, 1997); second, it should be as complete as possible, acknowledging
previous literature; third, it should be suitable for industrial firms at a plant level, not focusing
exclusively on production issues or addressing sustainability only at the corporate level, as recent
research shows (Trianni et al., 2017); fourth, it should be sufficiently general to allow application in
different contexts and benchmarking among firms characterized by different contextual factors such
as sector, country, and size (Azapagic and Perdan, 2000; Christofi et al., 2012; Ghadimi et al.,
2012).

The selection of the model relied on Ahmad and Wong, (2018), Chang and Cheng (2019),
Du Plessis and Bam (2018), Hsu et al. (2017) and Sangwan et al. (2018), who recently provided an
in-depth overview of the literature on sustainability indicators for industrial firms. Based on these,
95 contributions were retrieved and analysed, of which 51 were deemed relevant. The screening
procedure led to the exclusion of contributions not providing indicators, rather than assessment
methodology (Ness et al., 2007; Rodger et al., 2016) or a review of previous developments (Singh
et al., 2012; Tanzil and Beloff, 2006). Contributions focusing on LCA were not examined (Egilmez
et al., 2014; Kim et al., 2013), since LCA does not consider a long term perspective (Hallstedt et al.,
2015) and in general mostly focused on the environment pillar (Del Borghi et al., 2014; Djekic et
al., 2014). Given their applicability limits, other initiatives, such as the Global Reporting Initiatives,
Sustainability Metrics of the Institution of Chemical Engineers, Dow Jones Sustainability Index,
and Indicators of Sustainable Development of the Commission on Sustainable Development were

excluded (Delai and Takahashi, 2011; Labuschagne et al., 2005).
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Information

Level on analysis and focus on specific

Classification of indicators and number of

contexts indicators
E S
Authors and years Source Level Sector Countr Size | ¢ En 0 Othe.r . Numb
o V c classification er
. Energy .
Afgan et al. (2000) Energy Policy System system - - - Y Y Resource efficiency 14
Veleva and Ellenbecker . . Sustainable
(2001) Journal of Cleaner Production Production - - - - " Production aspects 22
Graedel and Allenby Environmental Quality
(2002) Management Corporate - ) ) - Y- 10
Krajnc and Glavi¢ Clean Technologies and .
(2003) Environmental Policy Firm } } ] Yy Yoy 83
Mining
Azapagic (2004) Journal of Cleaner Production and - - Y Y Y 129
Mineral
. Mining
Basu and Kumar (2004) Int'er'natlonal Journal of Surface | Corporate and ) ) vy Y NA.
Mining Global .
Mineral
Labuschagne et al. Journal of Cleaner Production Firm Manufactu Soqth - Y Y Y N.A.
(2005) ring Africa
Stakeholders
Searcy et al. (2005) Measuring Business Excellence | Firm Electricity - - - - . relationships . 122
Land use practices
Governance
Nordheim and Barrasso Journal of Cleaner Production Firm Aluminiu Europe - Y Y Y - 34
(2007) m
Organizational
Singh et al. (2007) Ecological Indicators - Steel - - Y Y Y Governance 60
Technical aspects
Jain and Kibira (2010) Conference proceeding Process l\i/lrflgnufactu - - Y Y Y Manufacturing 48
Shao et al. (2010) Conference proceeding Process l\i/lrfl;ufactu - - - Y - 8
gglﬂlr;a and Yusof Conference proceeding Firm é\utomotw - - Y Y Y 41
Corbiére-Nicollier et al. . . Supply .
2011) Ecological Indicators Chain Bioethanol - - Y Y Y 18
?2%1?11 ;i nd Takahashi Social Responsibility Journal Corporate - - - Y Y Y 46
Erol et al. (2011) Ecological Economics Supp ly - - - Y Y Y 37
Chain
Lu et al. (2011) Conference proceeding groduct - - - Y Y Y N.A.
rocess
Amindoust et al. (2012)  Applied Soft Computing Firm - - - Y Y Y 29
Azadnia et al. (2013) Pr(?cedla Social and Behavioural Firm ) ) ) v v 3
Science
Ghadimi et al. (2012) Journal of Cleaner Production Product i\i/ilagnufactu - Y Y Y 21
Lee and Farzipoor Saen  International Journal of
(2012) Production Economics Corporate - j ) Y Y v 12
2‘6}1‘;];%](% and Cifei Applied Soft Computing Firm - - - Y Y Y 12
. International Journal of Product
Hemdiet al. (2013) Sustainable Energy Process yovov 28
Govindan et al. (2013) Journal of Cleaner Production Firm - - - Y Y Y 26
Technological
. . Product
Joung et al. (2013) Ecological Indicators - - - Y Y Y Performance N.A.
Process
management
Strezov et al. (2013) Journal of Cleaner Production ;“echnolog Isrt(z:;land - - - Y - 5
Tseng (2013) Journal of Cleaner Production Process - - Y Y Y 21
Armstrong et al. (2014)  Conference proceeding Product Caddlsﬂy - SM Y Y Y 8
jewellery Es
Chardine-Baumann and ~ Computers & Industrial Supply ) v vy v 66
Botta-Genoulaz (2014)  Engineering Chain
Chen et al. (2014) CIRP Annals - Manufacturing Firm Manufactu SM v vy v 133
Technology ring Es
Garbie (2014) Internat%onal Journal of Firm Manufactu ) v v v 33
Production Research ring
Integrated
Lodhia and Martin . Mining Australi (Environmental-
Journal of Cleaner Production Corporate  and - - - Economic; 26
(2014) { ;
Minerals Environmental-

Social; Social-




Economic)
. International Journal of
Mani et al. (2014) Production Rescarch Process - - - Y - 7
gf(r)?)slr)nson and Dale Ecological Indicators Process Biofuels - - - Y - 16
Harik et al. (2015) International Journal of Manufactu - |Y Y Y Manufacturing 45
Production Research ring
Mining Protect
Marnika et al. (2015) Journal of Cleaner Production and otecte Y Y Y 36
. d areas
Minerals
Rahdari and Anvary .
Rostamy (2015) Journal of Cleaner Production Corporate - - - - Y Y Governance 70
Firm Automotiv
Salvado et al. (2015) Sustainability Supply . utomo - Y Y Y 14
chain
(5211 gizglatanapas ctal Production Planning & Control Corporate  Sugar Thai - Y Y Y Quality 30
(Zzlz)aln Sg) and Haapala Journal of Cleaner Production Process - - - Y Y Y - N.A.
Amrina et al. (2016) Procedia CIRP Firm Cement - - Y Y Y 12
Fang et al. (2016) Conference proceeding Machine - - - Y Y Y Technology 14
Jia etal. (2016) Clean Technologies and Process  Chemical - -y vy v 20
Environmental Policies
Kluczek (2016) Management and Production Process Manufactu ) Y Y Y Technical 14
Engineering Review ring cchnica
. Iron and .
Long et al. (2016) Journal of Cleaner Production - Steel China - Y Y Y 17
Singh et al. (2016) Procedia CIRP Firm fﬁf‘g"“fa““ EI:[ Y Y Y 49
. Journal of Manufacturing . Manufactu SM
Winroth et al. (2016) Technology Management Firm ring Sweden Es Y Y Y 52
Helleno et al. (2017) Journal of Cleaner Production Process Ei/ilaélufactu Brazil Y Y Y Lean 61
Performance
(Finance; Customer;
Hsu et al. (2017) Journal of Cleaner Production l\i/lrfmufactu Taiwan E:Z/I Y Y Y Internal Process; 28
g learning and
growth)
Du Plessis and Bam L
2018) Sustainability - - - - Y Y Y 18
Chang and Cheng Journal of Cleaner Production Firm Manufactu Taiwan SM Y Y Y 31
(2019) ring Es

Table 1 presents the analysis and classification of the selected contributions. Among these, the that

by Garbie (2014) — reported in

Pi Unit
llar Category Code Indicator
1 Supply chain management Number of stops caused by suppliers
2 IT Degree or percentage (%) of using internet and e-commerce
Globalisation and .

international issues 3 Energ}{ price $/barrel
4 Emerging markets Number of markets around the world
5 Business models Number of new customers/year
6 Process technology Degree or percentage (%) of using new technology
7  Government regulations Degree or percentage (%) of following the regulations

Contemporary and . C .

contingency issues 8  Growth of populatl'on Number of populations increased per'y'ear per region
9  Growth of economics Degree or percentage (%) of profitability
10 Consumption of resources Percentage (%) of utilisation of resources

Ec 11 Needs Degree or percentage (%)

12 Market opportunity Degree or percentage (%)

Innovative designed 13 Product development cost Percentage (%) of annual budget to R&D

products and 14 Product development time Days, hours
research 15 Development capability Days, hours
16 Regionalised products Number of new regions related to total Number of regions
17 Personalised products Number of new products related to total Number of products
Reconfigurable 18 Enterprise size Number of resources (e.g. machines)
manufacturing 19  Enterprise functionality Number of different operations (flexibility range)
enterprises 20 Material handling equipment Number of material handling equipment
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22
23
24
25
26

Material handling storage
Identification system
Plant location

Functional layout*
Product layout*

Cellular layout*

Space of storage (Cubic Metres)

Number of new identification systems related to existing
Number of locations of the plant around the world
Number of production departments

Percentage (%) of modification in product layout
Number of focused cells

27 Complexity analysis Degree or percentage (%) of complexity in the plan
. 28 Lean production Value added (e.g., employee productivity)
Manufacturing . . o e

strategies 29 Agile manufac'tunng Degree or percentage (%) of agility '
30 Remanufacturing Number of parts or component can be replaced again/product
31 Recycling processes Percentage (%) of total consumption of recycled parts
32 Product costs $/unit
33 Response (lead time) Days

Performance 34  Enterprise productivity Units/hour

evaluation 35 HR appraisal Utilisation (%) of manual labour
36 Resources status Reliability, OEE (%)
37 Product quality Rate of customer complaints (units/unit time)
38 Strategic planning Degree of clarity of strategic planning

Flexible organisation
management

39
40
41
42
43

Organising work
Organisation structure
Leadership role
Staffing

Managing culture

Number of subordinates per supervisor
Number of organisation structure

Degree or percentage (%) of leadership
Percentage (%) to access to skilled personnel
Percentage of understanding foreign cultures

‘Work management

44
45
46

Employment
Work conditions
Social dialogue

Number of new employees per year
Number of accidents due to working condition
Degree or percentage of talking between stakeholders

47 Society security Degree or percentage of social security
48 HR development Number of training hours/employee
49 Child labour Degree or percentage of hiring children
Human rights 50 Freedom of association Degree or percentage of creating association
51 Discrimination Degree or percentage of discrimination
52 Involvement in local community Degree or percentage of involvement in local community
Social 53 Education Average of education level per total employees
. . 54 Healthcare Degree or percentage of health service level or Budget
Societal commitment . . . .
55 Job creation Number of new jobs creation/local community
56 Societal investment Degree or percentage of annual budget to investment in society
57 Culture and technological development ~ Degree or percentage of technology and culture regarding society
58 Marketing and information Degree or percentage
Customers issues 59 Private life protection Degree or percentage
60 Access to essential services Degree or percentage
61 Fight against corruption Degree or percentage
Business practices 62 Fair trading Degree or percentage
63 Understanding foreign culture Degree or percentage
64 Environmental budget Monetary units (cost for EHS compliance)
Environment 65 Environmental certification Degree or percentage follows the compliance ISO14001
management 66 Environmental concerns and compliance Degree or percentage of environmental impact assessment
67 Workers implications Number of environmental accidents per year
68 Renewable energy Degree or percentage of using renewable energy/total energy
Use of resources 69 Recycled water Degree or percentage of using recycled water/ total water consumption
70 Recyclable wastes Degree or percentage of using recycled wastes/total wastes
71  Air pollution kg of gases (e.g. carbon dioxide emission in air)
Environment Pollution 72 Water pollution kg of particles
73 Land pollution kg and/or cubic metres of particles are needed to landfilled
74 Dangerous inputs kg and/or cubic metres of dangerous materials
Dangerousness 75 Dangerous outputs kg and/or cubic metres of dangerous materials
76 Dangerous wastes kg and/or cubic metres of dangerous materials
77 Eco-system services Percentage of Level of carbon dioxide in the atmospheric
Natural 78 Bio-diversity Degree or percentage of health of ecosystems
environmental 79 Land use Squared metres of land used for the plant
80 Development of rural areas Percentage of annual budget to investment regarding rural areas

Table 2 - was chosen as the theoretical base for the present work.



Information

Level on analysis and focus on specific contexts

Classification of indicators and number of indicators

Authors and years Source Level Sector Country Size Eco Env  Soc Other classification Number
Afgan et al. (2000) Energy Policy System Energy system - - - Y Y Resource efficiency 14
Veleva and Ellenbecker (2001) Journal of Cleaner Production Production - - - - - Sustainable Production aspects 22
Graedel and Allenby (2002) Environmental Quality Management Corporate - - - - Y - 10
Krajnc and Glavi¢ (2003) Clean Technologies and Environmental Policy Firm - - - Y Y Y 83
Azapagic (2004) Journal of Cleaner Production M{nmg and - - Y Y Y 129
Mineral
Basu and Kumar (2004) International Journal of Surface Mining Corporate M?“‘“g and - - Y Y Y N.A.
Global Mineral
Labuschagne et al. (2005) Journal of Cleaner Production Firm Manufacturing South Africa - Y Y Y N.A.
Stakeholders relationships
Searcy et al. (2005) Measuring Business Excellence Firm Electricity - - - - - Land use practices 122
Governance
Nordheim and Barrasso (2007) Journal of Cleaner Production Firm Aluminium Europe - Y Y Y - 34
Organizational
Singh et al. (2007) Ecological Indicators - Steel - - Y Y Y Governance 60
Technical aspects
Jain and Kibira (2010) Conference proceeding Process Manufacturing - - Y Y Y Manufacturing 48
Shao et al. (2010) Conference proceeding Process Manufacturing - - - Y - 8
Amrina and Yusof (2011) Conference proceeding Firm Automotive - - Y Y Y 41
Corbiere-Nicollier et al. (2011) Ecological Indicators Supply Chain Bioethanol - - Y Y Y 18
Delai and Takahashi (2011) Social Responsibility Journal Corporate - - - Y Y Y 46
Erol et al. (2011) Ecological Economics Supply Chain - - - Y Y Y 37
Luetal. (2011) Conference proceeding Product - - - Y Y Y N.A.
Process
Amindoust et al. (2012) Applied Soft Computing Firm - - - Y Y Y 29
Azadnia et al. (2013) Procedia Social and Behavioural Science Firm - - - Y Y Y 8
Ghadimi et al. (2012) Journal of Cleaner Production Product Manufacturing - - Y Y Y 21
Lee and Farzipoor Saen (2012) International Journal of Production Economics Corporate - - - Y Y Y 12
Biiyiikozkan and Cifci (2013) Applied Soft Computing Firm - - - Y Y Y 12
Hemdi et al. (2013) International Journal of Sustainable Energy ggg::st Y Y Y 28
Govindan et al. (2013) Journal of Cleaner Production Firm - - - Y Y Y 26
Joung et al. (2013) Ecological Indicators Product - - - Y Y Y Technological N.A.
Process Performance management
Strezov et al. (2013) Journal of Cleaner Production Technology Iron and Steel - - - Y - 5
Tseng (2013) Journal of Cleaner Production Process - - Y Y Y 21
Armstrong et al. (2014) Conference proceeding Product Caddlsﬂy - SMEs |Y Y 8
jewellery
gzigﬁ& ez-léet)u]rze)mn and Botta- Computers & Industrial Engineering Supply Chain - Y Y Y 66
Chen et al. (2014) CIRP Annals - Manufacturing Technology Firm Manufacturing - SMEs |Y Y Y 133
Garbie (2014) International Journal of Production Research Firm Manufacturing - - Y Y Y 83
. . . Mining and ) Integratgd (Env.ironmental-
Lodhia and Martin (2014) Journal of Cleaner Production Corporate . Australia - - - Economic; Environmental- 26
Minerals . . .
Social; Social-Economic)
Mani et al. (2014) International Journal of Production Research Process - - - Y - 7
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Efroymson and Dale (2015) Ecological Indicators Process Biofuels - - - Y - 16
Harik et al. (2015) International Journal of Production Research Manufacturing - - Y Y Y Manufacturing 45
Marnika et al. (2015) Journal of Cleaner Production M?“‘“g and Protected - Y Y Y 36
Minerals areas
Rahdari and Anvary Rostamy (2015)  Journal of Cleaner Production Corporate - - - - Y Y Governance 70
Salvado et al. (2015) Sustainability Firm . Automotive - - Y Y Y 14
Supply chain
Sureeyatanapas et al. (2015) Production Planning & Control Corporate Sugar Thai - Y Y Y Quality 30
Zhang and Haapala (2015) Journal of Cleaner Production Process - - - Y Y Y - N.A.
Amrina et al. (2016) Procedia CIRP Firm Cement - - Y Y Y 12
Fang et al. (2016) Conference proceeding Machine - - - Y Y Y Technology 14
Jia et al. (2016) Clean Technologies and Environmental Policies Process Chemical - - Y Y Y 20
Kluczek (2016) Management and Production Engineering Review | Process Manufacturing - - Y Y Y Technical 14
Long et al. (2016) Journal of Cleaner Production - Iron and Steel China - Y Y Y 17
Singh et al. (2016) Procedia CIRP Firm Manufacturing SMEs |Y Y Y 49
Winroth et al. (2016) Journal of Manufacturing Technology Firm Manufacturing ~ Sweden SMEs |Y Y Y 52
Management
Helleno et al. (2017) Journal of Cleaner Production Process Manufacturing Brazil Y Y Y Lean 61
Performance (Finance;
Hsu et al. (2017) Journal of Cleaner Production Manufacturing Taiwan SMEs |Y Y Y Customer; Internal Process; 28
learning and growth)
Du Plessis and Bam (2018) Sustainability - - - - Y Y Y 18
Chang and Cheng (2019) Journal of Cleaner Production Firm Manufacturing Taiwan SMEs |Y Y Y 31

Table 1. Analysis of the literature. The table reports the analysis of the contributions considered in the literature review. Contributions have been categorized according to:
Information (Authors, Year, Source); Level of Analysis and Focus on Specific Contexts (Level, Sector, Country, Size); Classification of Indicators and Number of indicators
(Environment, Economic, Social, Other classification, Number).
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Pillar Category Code Indicator Unit
1 Supply chain management Number of stops caused by suppliers
L. 2 IT Degree or percentage (%) of using internet and e-commerce
Globalisation and .
international issues 3 Energy‘ price $/barrel
4  Emerging markets Number of markets around the world
5 Business models Number of new customers/year
6 Process technology Degree or percentage (%) of using new technology
7  Government regulations Degree or percentage (%) of following the regulations
Contemporary and . ) . .
contingency issues 8  Growth of populatlf)n Number of populations increased per.y'ear per region
9  Growth of economics Degree or percentage (%) of profitability
10 Consumption of resources Percentage (%) of utilisation of resources
11 Needs Degree or percentage (%)
12 Market opportunity Degree or percentage (%)
Innovative designed 13 Product development cost Percentage (%) of annual budget to R&D
products and 14 Product development time Days, hours
research 15 Development capability Days, hours
16 Regionalised products Number of new regions related to total Number of regions
17 Personalised products Number of new products related to total Number of products
18 Enterprise size Number of resources (e.g. machines)
19  Enterprise functionality Number of different operations (flexibility range)
20 Material handling equipment Number of material handling equipment
Reconfigurable 21 Material handling storage Space of storage (Cubic Metres)
Economic manufacturing 22 Identification system Number of new identification systems related to existing
enterprises 23 Plant location Number of locations of the plant around the world
24  Functional layout* Number of production departments
25 Product layout* Percentage (%) of modification in product layout
26 Cellular layout* Number of focused cells
27 Complexity analysis Degree or percentage (%) of complexity in the plan
R 28 Lean production Value added (e.g., employee productivity)
Manufacturing 29 Agile manufacturin Degree or percentage (%) of agilit;
strategies g v . urng & P g sty .
30 Remanufacturing Number of parts or component can be replaced again/product
31 Recycling processes Percentage (%) of total consumption of recycled parts
32 Product costs $/unit
33 Response (lead time) Days
Performance 34 Enterprise productivity Units/hour
evaluation 35 HR appraisal Utilisation (%) of manual labour
36 Resources status Reliability, OEE (%)
37 Product quality Rate of customer complaints (units/unit time)
38 Strategic planning Degree of clarity of strategic planning
39 Organising work Number of subordinates per supervisor
Flexible organisation 40 Organisation structure Number of organisation structure
management 41 Leadership role Degree or percentage (%) of leadership
42 Staffing Percentage (%) to access to skilled personnel
43  Managing culture Percentage of understanding foreign cultures
44 Employment Number of new employees per year
45 Work conditions Number of accidents due to working condition
Work management 46 Social dialogue Degree or percentage of talking between stakeholders
47 Society security Degree or percentage of social security
48 HR development Number of training hours/employee
49  Child labour Degree or percentage of hiring children
Human rights 50 Freedom of association Degree or percentage of creating association
51 Discrimination Degree or percentage of discrimination
52 Involvement in local community Degree or percentage of involvement in local community
Social 53 Education Average of education level per total employees
. . 54 Healthcare Degree or percentage of health service level or Budget
Societal commitment . . . .
55 Job creation Number of new jobs creation/local community
56 Societal investment Degree or percentage of annual budget to investment in society
57 Culture and technological development — Degree or percentage of technology and culture regarding society
58 Marketing and information Degree or percentage
Customers issues 59 Private life protection Degree or percentage
60 Access to essential services Degree or percentage
61 Fight against corruption Degree or percentage
Business practices 62 Fair trading Degree or percentage
63 Understanding foreign culture Degree or percentage
64 Environmental budget Monetary units (cost for EHS compliance)
Environment Environment 65 Environmental certification Degree or percentage follows the compliance ISO14001
management 66 Environmental concerns and compliance Degree or percentage of environmental impact assessment
67 Workers implications Number of environmental accidents per year
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68 Renewable energy Degree or percentage of using renewable energy/total energy

Use of resources 69 Recycled water Degree or percentage of using recycled water/ total water consumption
70 Recyclable wastes Degree or percentage of using recycled wastes/total wastes
71  Air pollution kg of gases (e.g. carbon dioxide emission in air)
Pollution 72 Water pollution kg of particles
73 Land pollution kg and/or cubic metres of particles are needed to landfilled
74 Dangerous inputs kg and/or cubic metres of dangerous materials
Dangerousness 75 Dangerous outputs kg and/or cubic metres of dangerous materials
76 Dangerous wastes kg and/or cubic metres of dangerous materials
77 Eco-system services Percentage of Level of carbon dioxide in the atmospheric
Natural 78 Bio-diversity Degree or percentage of health of ecosystems
environmental 79 Land use Squared metres of land used for the plant
80 Development of rural areas Percentage of annual budget to investment regarding rural areas

Table 2. The model for sustainability indicators proposed by Garbie (2014). For each pillar of sustainability, the
categories identified are reported. For each category, indicators and related unit for measure are provided, as well as an
identifier code for each indicator.

* Indicator slightly amended according to further considerations by the author (Garbie, 2016).

2.1.1 Garbie’s model of sustainability indicators

Garbie (2014) modelled the TBL by identifying 80 indicators (43 economic, 20 social, 17
environmental), proposing a unit of analysis for each, as cited by previous literature (Du Plessis and
Bam, 2018; Shibin et al., 2017a), different from the other contributions reviewed. In fact, other
studies focused only on the environmental pillar (Efroymson and Dale, 2015; Mani et al., 2014), or
environmental and social pillars (Afgan et al., 2000); others added performance areas not related to
the TBL, such as technology (Fang et al., 2016; Kluczek, 2016) or governance (Rahdari and Anvary
Rostamy, 2015; Singh et al., 2007), or based on a different categorization of indicators (Searcy et
al., 2005; Veleva and Ellenbecker, 2001). Moreover, the selected model is based on a thorough
literature review of extant contributions and appreciated by recent studies by offering the largest
number and most complete set of indicators for manufacturing (Sangwan et al., 2018).

Furthermore, some literature also focused on the micro level, as defined by Ding et al. (2017), thus
being applicable in industrial firms at a plant level. Among the other contributions reviewed, some
are related to products (Armstrong et al., 2014; Ghadimi et al., 2012) or process levels (Helleno et
al., 2017; Tseng, 2013; Zhang et al., 2015), to machines (Fang et al., 2016) and technology (Strezov
et al., 2013), acknowledging that most works on sustainability assessment in manufacturing were

conducted at a product level or at a specific process level, as also noted by recent studies (Saad et
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al., 2019). At the same time, other contributions reviewed address a strategic (corporate) viewpoint
(Lee and Farzipoor Saen, 2012; Lodhia and Martin, 2014) or a system one, e.g., supply chain
(Chardine-Baumann and Botta-Genoulaz, 2014; Erol et al., 2011).

Additionally, the selected model was generally applicable in manufacturing firms, different from
others focused on specific contexts in terms of sectors, country, or firm size. By looking at sectors,
several contributions were developed for specific applications, such as mining and minerals
(Azapagic, 2004; Marnika et al., 2015), cement (Amrina et al., 2016), aluminium (Nordheim and
Barrasso, 2007), steel (Singh et al., 2007; Strezov et al., 2013), and automotive (Amrina and Yusof,
2011; Salvado et al., 2015). Concerning countries, a considerable number of studies were conducted
in specific geographical areas, such as South Africa (Labuschagne et al., 2005), China (Long et al.,
2016), Taiwan (Hsu et al., 2017), or Sweden (Winroth et al., 2016). Focusing on size, few
contributions were specifically developed for a specific size, and in particular for SMEs (Chang and
Cheng, 2019; Singh et al., 2016).

Moreover, the selected model already contains the theoretical background for other contributions,
for both theoretical development (Dubey et al., 2015; Latif et al., 2017) and empirical applications

(Naderi et al., 2017).

2.2  Research Methods

2.2.1 Method and sample selection

The empirical investigation is based on case study research methodology, meeting the criteria for
case study research identified by Voss et al. (2002) and Yin (2009), analysing a phenomenon with
lack of detailed preliminary research, and advancing the conceptualization and operationalization of

a theory (Dooley, 2002; Lynham, 2002).
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The investigation was conducted through exploratory case studies with semi-structured interviews
and secondary materials. Two units of analysis should be identified: the case to be studied and
whom to interview within the case (Meredith, 1998).

The unit of analysis of the present study is the single firm (Dooley, 2002) and, according also to
Lynham (2002), multiple cases are suitable to address the research issues identified. Case studies
were carried out in 26 firms, addressing manufacturing SMEs in Italy and Germany, given the
importance of the manufacturing sector in general for the European economy and in particular for
these two countries (European Union, 2017b).

The investigation targeted the metalworking and chemical sectors. The first is relevant for all
industrial countries in terms of added values and employment (Federmeccanica, 2018), with
Germany and Italy placing, respectively, first and second in EU28 (CEFIC, 2018). This sector is
characterized by solutions including automation and innovation, deemed to foster technology
innovation among all the other sectors (Federmeccanica, 2018). The second sector has a major role
in economic development and wealth in EU28, with Germany ranking as first in EU28 for revenues
generated, followed by France and Italy (CEFIC, 2018). The industry is a heavy user of raw
materials and energy (Verband der Chemischen Industrie, 2012), and firms themselves have the
greatest interest in efficient production (Schmidt et al., 2019). Furthermore, recent research
considers the chemical sector as a leader for both energy efficiency and safety in EU28 (Colombo,
2014).

Regarding the choice towards SMEs, in Germany the share of total employment among SMEs is of
more than 60 %, exhibiting a higher economic performance than the European average (Sollner,
2014), and 90% of the metalworking firms are SMEs (Germany Trade & Invest, 2018); for the
chemical sector, lower but still relevant figures are available (Vitali, 2012). In Italy, the share of
total employment among SMEs is even greater — more than 80% — (Confcommercio, 2009), with
Italian chemical SMEs playing a relevant role for innovation and competitiveness (Colombo, 2014),

compensating for the decline of larger ones (Vitali, 2012).
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The 26 firms composing the sample are equally distributed between countries, sectors and size, i.e.
micro, small, and medium (European Union, 2003). The use of multiple case studies and the
number of case studies allows replication logic rather than sampling one (Zainal, 2007): despite
relying on some notions of statistical generalization (Dubois and Gadde, 2002), they proceed
towards theoretical generalization, looking for similarities and differences across cases (Ketokivi
and Choi, 2014), interpreting the results based on the specific context of interest (Denzin and
Lincoln, 2011). However, given the sample size, a less qualitative description may be involved in
the analysis and a more statistical measure of variables can be documented (Meredith, 1998).

The selected sample allows conducting collective case studies (Zainal, 2007). To further ensure
proper data collection, aiming at theoretical replication (Voss et al., 2002), people involved in the
decision-making process and knowledgeable for sustainability issues were selected as interviewees

(details of sampled firms and persons interviewed are reported in

irm Country  Sector Employees  Size Certification Person interviewed
A Germany  Metalwork 160 Medium 1SO 9001 Safety manager
B Germany  Metalwork 35 Small ISO 9001 Production manager
C  Germany  Metalwork 50 Medium - Human Resource manager
D Germany Metalwork 4 Micro - CEO
E  Germany Metalwork 8 Micro 1SO 9001 Administrative employee
F_ Germany  Metalwork 5 Micro - Sales manager
G Germany  Metalwork 148 Medium ISO 9001; ISO 14001 CEO
H  Germany Chemical 50 Medium 1SO 9001 CEO
I Germany  Chemical 50 Medium ISO 9001 Production manager
J Germany  Chemical 35 Small ISO 9001; ISO 50001 Business Development manager
K Germany  Chemical 240 Medium 1SO 9001 Product manager
L Germany  Chemical 75 Medium I1SO 9001; ISO 14001; ISO 50001 CEO
M Germany  Chemical 250 Medium ISO 9001; ISO 14001; ISO 50001 Sales manager
N ltaly Chemical 57 Medium 1SO 9001 Sales manager; safety manager
0 Italy Chemical 4 Micro 1SO 9001; ISO 14001; OHSAS 18001  CEO; HSE manager
P Italy Chemical 60 Medium I1SO 9001; ISO 14001; OHSAS 18001  Technical director
Q Ttaly Chemical 250 Medium ISO 9001; ISO 14001; OHSAS 18001  HSE manager
R Ttaly Chemical 49 Small ISO 9001 CEO
S Italy Chemical 65 Medium ISO 9001 CEO
T  Italy Metalwork 3 Micro - CEO
U Ttaly Metalwork 9 Micro 1SO 9001 CEO
V.  Italy Metalwork 32 Small - CEO
W Italy Metalwork 55 Medium ISO 9001; ISO 14001; OHSAS 18001  CEO
X ltaly Metalwork 15 Small - CEO
Y  Italy Metalwork 50 Medium 1SO 9001 CEO
Z  ltaly Metalwork 53 Medium ISO 9001 CEO; Purchasing and logistics manager
Table 3).
Firm Country Sector Employees  Size Certification Person interviewed
A Germany  Metalwork 160 Medium 1SO 9001 Safety manager
B Germany  Metalwork 35 Small ISO 9001 Production manager

16



C  Germany  Metalwork 50 Medium - Human Resource manager

D Germany  Metalwork 4 Micro - CEO

E  Germany Metalwork 8 Micro 1SO 9001 Administrative employee

F_ Germany  Metalwork 5 Micro - Sales manager

G Germany Metalwork 148 Medium 1SO 9001; ISO 14001 CEO

H  Germany  Chemical 50 Medium 1SO 9001 CEO

1 Germany  Chemical 50 Medium 1SO 9001 Production manager

J  Germany Chemical 35 Small 1SO 9001; ISO 50001 Business Development manager
K Germany  Chemical 240 Medium 1SO 9001 Product manager

L Germany Chemical 75 Medium ISO 9001; ISO 14001, ISO 50001 CEO

M Germany  Chemical 250 Medium ISO 9001; ISO 14001; ISO 50001 Sales manager

N Ttaly Chemical 57 Medium 1SO 9001 Sales manager; safety manager
0 Italy Chemical 4 Micro 1SO 9001; ISO 14001; OHSAS 18001  CEO; HSE manager

P Italy Chemical 60 Medium I1SO 9001; ISO 14001; OHSAS 18001  Technical director

0 Ttaly Chemical 250 Medium 1SO 9001; ISO 14001; OHSAS 18001  HSE manager

R Ttaly Chemical 49 Small 1SO 9001 CEO

S Italy Chemical 65 Medium 1SO 9001 CEO

T  ltaly Metalwork 3 Micro - CEO

U Ttaly Metalwork 9 Micro 1SO 9001 CEO

Vv  Ttaly Metalwork 32 Small - CEO

W ltaly Metalwork 55 Medium ISO 9001; ISO 14001; OHSAS 18001  CEO

X Ttaly Metalwork 15 Small - CEO

Y  Italy Metalwork 50 Medium ISO 9001 CEO

Z  ltaly Metalwork 53 Medium 1SO 9001 CEQ; Purchasing and logistics manager

Table 3. Detail of the firms investigated. For each firm investigated, the following are specified: country, sector,
number of employees, size, certifications held, and person interviewed.

2.2.2 Data collection

Data collection is organized into three parts. Firstly, the sample was selected starting from a
database “ORBIS” ( ) containing relevant industrial information for
European firms, using EU classification of SMEs (European Union, 2003), filtering for
metalworking and chemical SMEs located in Italy and Germany. Firms were contacted by e-mail or
phone call. After a preliminary contact via phone to invite companies to participate in the research,
for those confirming their participation, secondary data were collected regarding firm structure,
production processes, projects and initiatives towards increased industrial sustainability, including
their sustainability report (if any). Secondary data were retrieved from the firm website, reports and,
when applicable, newspapers.

Secondly, an investigation within the firm was performed by carried out using semi-structured
interviews, with a questionnaire as a guide so to standardize the sequence of questions and
minimize the impact of contextual effects (Patton, 1990). Additional questions emerging during the

interview were asked and free comments collected (Dicicco-Bloom and Crabtree, 2006; Remler and
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Van Ryzin, 2014). Interviewees were initially asked to introduce the firm — describing the main
production processes, number of employees, firm turnover — and how sustainability is internally
managed. A particular focus was given to the different roles in sustainability management and how
sustainability is perceived. Following this, interviewees were asked to describe how sustainability
was defined within the firm, how firm performance was affected, and how sustainability was
measured, with an indication of the specific TBL pillars. During the investigation, which on average
took about 1.5 hours per firm, researchers used field notes.

Third, interviews were transcribed and coded. The indicators mentioned were re-categorized
according to Garbie (2014). The findings deriving from the different steps of the investigation were
corroborated with secondary data and other material gathered during the interviews (e.g., field
notes), in order to identify possible misalignments. In found, interviewers followed up with a

second contact for further clarification.

2.2.3 Data analysis and methodological rigour

For data analysis an “emergent coding” technique was adopted, establishing categories based on
preliminary data examination (Stemler, 2001). First, a structural code was applied - useful as a
foundation for further detailed coding and suitable for semi-structured data-gathering protocols —

followed by axil code, reassembling data split in the first coding (Saldafia, 2009; Voss et al., 2002).

The requirements for methodological rigor of explorative case study research (BaSkarada, 2014;
Beverland and Lindgreen, 2010; Yin, 2009) were addressed as follows. Construct validity was
obtained with triangulation of multiple source of evidence and with the development of a chain of
evidence: data obtained through the multiple sources of evidence was corroborated (Beverland and
Lindgreen, 2010; Voss et al., 2002) and an electronic folder was created for each case containing all
the data collected (Rowley, 2002). External validity was guaranteed by defining the domain to
which study findings can be generalized and using multiple case studies (Beverland and Lindgreen,
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2010; Meredith, 1998). Reliability was addressed using a case study protocol (Beverland and
Lindgreen, 2010), conducting multiple case studies (Voss et al., 2002) and involving more than one

interviewer in each investigation (Eisenhardt, 1989; Voss et al., 2002).

3 Results of the empirical investigation

In this section, the results of the exploratory investigation are reported and analysed. Full details of

the sustainability indicators measured by the firms sampled can be found in the Annex (Table Al).

3.1 Analysis of the total sample

3.1.1 Analysis of the most measured indicators

On average', the sampled SMEs adopt about 18 indicators out of the 80 suggested by Garbie (2014)

(

Total Economic Social Environment

(80 indicators) (43 indicators) (20 indicators) (17 indicators)
Max Min Ave Max Min Ave Max Min Ave Max Min Ave
Total Sample 40 5 18.5 23 3 10.1 7 1 3.7 12 0 4.7
Germany 27 5 18 14 3 9.4 7 2 4 8 0 4.6
Italy 40 5 18.9 23 3 10.8 7 1 34 12 0 4.8
Medium 33 14 21.5 19 5 11.4 7 2 43 8 2 5.8
Small 40 5 143 23 3 8.3 6 1 2.8 12 0 32
Chemical 40 14 22.33 23 5 113 7 2 4.8 12 3 6.3
Metal 33 5 15.1 19 3 9.1 6 1 2.8 8 0 33

Table 4). A strong variance in the number of indicators can be observed, from a minimum of 5 to a
maximum of 40, aligned with Laéts et al. (2017).

Focusing on the TBL pillars, of the 18.5 indicators measured on average, 10 belong to the economic
pillar, while only about 4 and 5, respectively, to the social and environmental ones. Interestingly,
the range of variation is 3-23 indicators for the economic pillar, and 1-7 and 0—12 indicators for the
social and environmental ones, respectively.

The results, in terms of the number of indicators measured, contribute to the open debate on how

many indicators a firm can and should measure. The findings are in line with Krajnc and Glavi¢

! Average values have been rounded to the previous integer for decimal values lower or equal to 0.50, to the next integer for decimal values higher
than 0.50.
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(2003), who deemed that between 10 and 20 should be included, even if the number obtained is
higher than the threshold of 9 identified by Collins et al. (2016) and lower than that of 30 proposed
by previous studies (Nordheim and Barrasso, 2007). However, the result seems to suggest that firms
lag behind the measurement of a set of sustainability indicators recognized as appropriate by the
academic literature. The findings seem to underline a low maturity of firms towards a holistic
encompassing of TBL, highlighting the main role still played by economic indicators, confirming
Harik et al. (2015). All firms measure at least one social indicator (i.e. work conditions), but this is
likely due to legislative obligations (i.e. Directive 89/391/EEC — OSH) (Pawlowska, 2015; Piitter,
2017), and firms still appear to be far from exploiting the benefits derived from holistic approaches

to sustainability (Cagno et al., 2018).

Total Economic Social Environment

(80 indicators) (43 indicators) (20 indicators) (17 indicators)
Max Min Ave Max Min Ave Max Min Ave Max Min Ave
Total Sample 40 5 18.5 23 3 10.1 7 1 3.7 12 0 4.7
Germany 27 5 18 14 3 9.4 7 2 4 8 0 4.6
Italy 40 5 18.9 23 3 10.8 7 1 34 12 0 4.8
Medium 33 14 21.5 19 5 11.4 7 2 4.3 8 2 5.8
Small 40 5 14.3 23 3 8.3 6 1 2.8 12 0 32
Chemical 40 14 22.33 23 5 11.3 7 2 4.8 12 3 6.3
Metal 33 5 15.1 19 3 9.1 6 1 2.8 8 0 33

Table 4. Number of indicators measured. The table shows the detail of the maximum, minimum, and average number
of indicators measured by the firms sampled considering the totality of indicators provided by Garbie (2014)’s model
and the indicators related to each pillar. The analysis was conducted according to the different clusters of firms based on
contextual factors, i.e. total sample, country, size, and sector.

Focusing on the most measured indicators? (

Metalworking

Globalisation and

. N . Business models
international issues

2 -
§  Contemporary and 9 Growth of economics

s contingency issues 10 Consumption of resources
3

]

13 Product development costs
14 Product development time
16 Regionalised products

Innovative designed
products and research

? Indicators measured at least by 50% of the firms of the cluster, with further distinction on those measured by at least the 75% of the firms of the
cluster.
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Table 5), the majority are economic, as also observed by Singh et al. (2007). In particular, they are
related to product cost, business model, product quality, and consumption of resources. The social
indicator working conditions is among the most measured ones, confirming the role of legislative
obligations as mentioned above. Furthermore, as can be inferred from Table 6 showing the three

most measured indicators for each pillar (

Total Germany Chemical | Metalworking
sample
.Globall.satml! and 5 Business models
international issues
Growth of
9 .
Contemporary and economics
contingency issues 10 Consumption of
resources
2 . . P
§ Innovative designed 13 d roduct
s evelopment costs
= products and .
) Personalised
0 research 17
R products
Manufacturing 31 Recycling
strategies processes
32 Product costs
Performance 33 Response (lead
evaluation time)
37 Product quality
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< Work management 45 Work conditions
g 48  HR development
“ Societal 54 Healthcare
commitment 56  Societal investment
64 Environmental
Environment budget
- management 65 Environmental
] certification
S 67 Workers
2 implications
-
= 69 Recycled water
< Use of resources 70  Recyclable wastes .
. 71 Air pollution .
Pollution 72 Waterpolluion  [IISENS .
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Land pollution

Dangerousness

Dangerous inputs
Dangerous outputs
Dangerous wastes

Table 6), in the social pillar, beyond working conditions, the monitoring of training hours and

investments related to safety were relevant, while firms devote particular attention to the

dangerousness of inputs and outputs, and the measurement of water pollution belonging to the

environmental pillar.

Globalisation and

Metalworking

. . . 5 Business models
international issues
Contemporary and 9 Growth of economics
contingency issues 10 Consumption of resources
13 Product development costs
Innovative designed 14 Product development time
.2 products and research 16 Regionalised products
§ 17 Personalised products
S Reconfigurable
S manufacturing 18 Enterprise size ()
enterprises
Manufact}lrmg 31 Recycling processes oo oo oo oo oo
strategies
32 Product costs oo oo oo
Perform?nce 33 Response (lead time) o0 o0 o0 oo
evaluation .
37 Product quality
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3 Work management 45 Work conditions
3 48 HR development X0 oo oo oo
2 . . 54 Healthcare oo oo (1) oo
Societal commitment Lo
56 Societal investment o0 0
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-§ Pollution 72 Watef pollution () o0 0
Lf} 74 Dangerous inputs (1)
Dangerousness 75 Dangerous outputs (1) oo
76 Dangerous wastes o0 o0

Table 5. The most measured performance indicators. Details of the most measured indicators from the total set for
each cluster of firms considered in the analysis. We considered as the most measured indicators those measured by at
least the 50% of the firms in the cluster, with a further specific focus on indicators measured by at least the 75% of the
firms in the cluster. These two types of indicators are indicated with ee and light blue boxes, and with eee and dark
blue boxes, respectively.

Total
sample

Globalisation and

. . . 5 Business models
international issues
Growth of
9 .
Contemporary and economics
contingency issues 10 Consumption of
) resources
5 P
S Innovative designed 13 roduct
s development costs
S products and .
Q Personalised
research 17
products
Manufacturing 31 Recycling
strategies processes
Performance 32 Product costs
evaluation 33 Response (lead

Germany

Chemical

Metalworking




time)
37 Product quality

44 Employment
3 Work management 45 Work conditions
3 48 HR development
“ Societal 54 Healthcare
commitment 56  Societal investment
64 Environmental
Environment budget
management Environmental
65 . -
certification
- 67 Workers
§ implications
69 Recycled water
E Use of resources 70 Recyclable wastes
g 71 Air pollution
< Pollution 72 Water pollution
73 Land pollution
74 Dangerous inputs
Dangerousness 75  Dangerous outputs

76 Dangerous wastes

Table 6. The first three measured indicators for each pillar. Details of the first three measured indicators from each
pillar. For each of these indicators, we provide a detail of the percentage of firms in the cluster measuring it: eee and
dark coloured box if the indicator was measured by more than the 75% of the firms in the cluster; ®® and medium
coloured box if the indicator was measured by more than the 50% (but less than 75%) of the firms in the cluster; ® and
light coloured box if the indicator was measured by less than the 50% of the firms of the cluster. We used a different
colour for each pillar: grey for Economic, violet for Social; green for Environment.

3.1.2  Analysis of the least measured indicators

The evaluation of the least measured indicators (and related categories, as shown in

Table 7) can provide further insights about possible misalignments between theoretical models of
indicators and empirical applications within companies. Notably, the category customer issues was
considered only by Firm K, which is likely to be at least partially explained by the higher level of
product customization shown by the company compared to the others sampled. When considering
specific indicators, 14 of the 80 indicators were not considered by any firm, 1.e. the 18% with same
percentage by looking at economic and social pillars separately, while half that of the
environmental one.

Among the least measured indicators, some are beyond the direct operation range of a firm and
difficult to be measured, as they are ascribable to a single firm process, e.g., growth of population,
eco system and bio-diversity, belonging to the economic and the environmental pillars. This aspect

is quite controversial in the literature: it is rather ineffectual to think that firms can solve global
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problems, despite being recognized as the only actors in the economic system with sufficient
strength and resources to accomplish this (Bauman, 2003; Elkington, 1997). These indicators are
frequently reported in the literature, and this seems to spotlight a misalignment between what firms
consider as relevant for sustainability assessment and what is proposed by academia or by external
stakeholders, as underlined by Delai and Takahashi (2011). In particular, the result seems to slightly
differ from previous research by Roca and Searcy (2012), who nevertheless analysed the indicators
disclosed in sustainability reports. Other neglected indicators are related to the management of the
production system, e.g., identification systems, product layout, cellular layout, agile manufacturing,
belonging to the economic pillar. As several interviewees commented, these indicators are
perceived to be more related to organisation of production, rather than to economic aspects, and
therefore not acknowledging a relationship to sustainability performance. Moreover, a
straightforward link between such indicators and economic aspects cannot be easily discerned: quite
often, decisions over layout and production strategy are based on the type of production system
rather than on economic reasons (Garbie, 2016). Among the least considered indicators, some
related to compliance with specific regulations can be identified, e.g., environmental concerns and
compliance, belonging to the environment pillar, and some that are not applicable in the two
countries investigated, e.g., child labour - illegal as from International Labour Organization (1973)
- belonging to the social pillar. Still, such indicators can be frequently found in models developed to
measure sustainability performance of industrial firms, and showcasing these models is often
inadequate for many firms (Delai and Takahashi, 2011), which have been developed from the

perspective of external stakeholders (Nordheim and Barrasso, 2007).
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Pillar Category Code Indicator Total sample Medium Small Germany Italy Chemical Metalworking
1 Supply chain management (%) (%)
2 ) () x ) x ) x
Globalisation and international issues 3 Energy price
4 Emerging markets x) (x) x (%) (%)
5 Business models
6 Process technology (%) x (x)
7 Government regulations (x) x) X (x) X X )
Contemporary and contingency issues 8 Growth of population x x X X X X x
9 Growth of economics
10 Consumption of resources
11 Needs X X X X X X X
12 Market opportunity (x) X (%) (%) x x (%)
13 Product development costs
Innovative designed products and research 14 Product development time
15 Development capability (%) (%) (%) (%) (%) (%)
16 Regionalised products (x)
17 Personalised products
18 Enterprise size
19 Enterprise functionality
20 Material handling equipment (x) X (x) x (%) (%) x
21 Material handling storage (x) x
Economic Reconfigurable manufacturing enterprises 22 Identification system x X x x x x x
23 Plant location ) (%) x (%) (%)
24 Functional layout (%)
25 Product layout x x x x x x x
26 Cellular layout x x x x x x x
27 Complexity analysis ) x ) x =) (<) x
28 Lean production ) x
Manufacturing strategies 29 Agile manufacturing x X x x x x x
30 Remanufacturing (x) ) x x (%) x (%)
31 Recycling processes
32 Product costs
33 Response (lead time)
Performance evaluation ;;‘ Er;:e:g}r)lr::;rloductlvny ) )
36 Resources status (x) x )
37 Product quality
38 Strategic planning x X x x x x x
39 Organising work (%) (%)
. L. 40 Organisation structure X x x X x
Flexible organisation management 41 Lefdership role ) EX; (X) 2)3 (><) ) “
42 Staffing X X X x x x x
43 Managing culture (x) (x) X X () X ()
44 Employment (x)
45 Work conditions
Social Work management 46 Social dialogue X X (%) )
47 Society security (%) x (%) (%) x () x
48 HR development




49 Child labour x X X X X x x

Human rights 50 Freedom of association (%) (%) x
51 Discrimination (%) () X X ) () x
52 Involvement in local community (%)
53 Education X ) ) x
Societal commitment >4 Healthcaﬁ:
55 Job creation X x X X x x x
56 Societal investment
57 Culture and technological development (%) (%) x ) x x) x
58 Marketing and information () ) x (%) x () x
Customers issues 59 Private life protection (%) () x (%) x () x
60 Access to essential services ) () x (%) X ) x
61 Fight against corruption () (%) (%) (%) (%) )
Business practices 62 Fair trading x x x X x x x
63 Understanding foreign culture x x x x x x x
64 Environmental budget ) x
. 65 Environmental certification (%)
Environment management . .
66 Environmental concerns and compliance x x x x x x X
67 Workers implications x
68 Renewable energy (%) (%)
Use of resources 69 Recycled water )
70 Recyclable wastes X
71 Air pollution
Environment Pollution 72 Water pollution
73 Land pollution (x)
74 Dangerous inputs
Dangerousness 75 Dangerous outputs
76 Dangerous wastes
77 Eco-system services x (%) €3
Natural environmental 78 Bio-diversity 8 * * * * * X
79 Land use (%) (%) x ) )
80 Development of rural areas (%) (%) X x (x) x ()
Total 14 18 28 28 26 20 26
(18%) (23%) (35%) (35%) (33%) (25%) (33%)
Economic 8 11 13 17 13 12 13
(19%) (26%) (30%) (40%) (30%) (28%) (30%)
Social 4 5 11 5 10 5 11
(20%) (25%) (55%) (25%) (50%) (25%) (55%)
Environmental 2 2 4 6 3 3 2
(12%) (12%) (24%) (35%) (18%) (18%) (12%)

Table 7. Details of indicators not measured by the analysed cluster. For each cluster, indicators not considered by any of the firms in the cluster are identified with an X, those
considered only by one firm of the cluster are identified with an (X). At the bottom of the table, additional information is provided about the total number of indicators not
measured and the corresponding percentage with respect to the total number of indicators (of the total set and of each single pillar).
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3.2 Analysis by the Country

3.2.1 Analysis of the most measured indicators

The average number of indicators measured both by the German and Italian firms sampled is

aligned with the total sample. Similar considerations can be drawn for the minimum number.

Regarding the maximum number, German firms present lower values than the total sample,

particularly for the economic and the environmental pillars (
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Metalworking
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= manufacturing 18 Enterprise size [
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Manufacturing .
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Table 5). The most evaluated indicators in both countries are

quality, and work conditions (

consumption of resources, product

Globalisation and

Metalworking

. . . 5 Business models
international issues
Contemporary and 9 Growth of economics
contingency issues 10 Consumption of resources
13 Product development costs
Innovative designed 14 Product development time
.2 products and research 16 Regionalised products
§ 17 Personalised products
S Reconfigurable
5 manufacturing 18 Enterprise size [
enterprises
Manufacturing .
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Table 5) but interesting differences can be seen, as also pointed out by Winroth et al. (2016).

The German SMEs appear to be interested in measuring indicators related to R&D, budget devoted

to safety, dangerous inputs, and recycling process. These findings are in line with previous reports

(Germany Trade & Invest, 2018) referring to the high level of safety and R&D investment in

Germany, and with Eurostat (2017b) for the high level of waste treated in the country, which may

be also partially due to the strategies established by the federal government towards increased

efficiency in utilization of resources (Schmidt et al., 2019). Regarding the Italian SMEs,

employment and workers implications are among the most widely measured indicators. This may be

justified by the different ways in which Occupational Health and Safety (OHS) issues are

legislatively faced by the two countries, with Italy showing a more precautionary attitude (Fulton,

2018).

Looking at the social pillar (

Medium
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-2 . . Product
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strategies processes
32 Product costs
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37 Product quality
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Table 6), sampled German SMEs are more focused on safety investment, and Italian ones on the
work management category. This difference might be explained by more deeply analyzing the
characteristics of the sample. Indeed, German firms showed more involvement than Italian ones in
social initiatives — such as being part of a program to aid refugees (Firm C), donations to an
association chosen by employees (Firm G), distance child adoption (Firm H), or benefits for the
well-being of employees, e.g. free public transport, course languages, and massages (Firm K).
Italian firms seemed more focused on issues related to OHS. In the environment pillar, German
SMEs mainly focused on the recycling process, while Italian ones consider air pollution and
workers implications as more relevant. A greater focus on air pollution might be due to the more
critical situation of air emissions in Italy than in Germany (European Environmental Agency,
2017), leading to stricter control on them; moreover, Italy has recently focused on improving
performance in terms of sustainable production and consumption, aspects already met by Germany
(Antanasijevi¢ et al., 2017). When considering workers implications, the greater focus could be
related to a stricter system of regulatory sanctions in place in Italy (International Labour

Organization, 2017).

3.2.2  Analysis of least measured indicators

Focusing on German SMEs, flexible organization and natural environment categories are

considered by just one firm each (
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Table 7), respectively Firm M and Firm K. The results can be corroborated with the characteristics
of each firm: Firm M is part of a very structured group, while Firm K measures the emission of
several types of pollutants rather than just CO>, as requested by a specific sustainability declaration
signed by the firm. Focusing on Italian SMEs, the human rights category is considered only by Firm
P, who based its definition of sustainability on the COM(2016) 739 — thus relying on the sustainable
development goals taking freedom of association and zero discrimination as targets.

Corroborating the results with previous literature, the country plays a relevant role in the
measurement of performance indicators. In particular, economic indicators emerged as the most
evaluated ones, confirming Long et al. (2016) but in contrast to Hsu et al. (2017) who investigated
similar issues in Taiwan. This result can nevertheless be biased by the stronger efforts of the
Republic of China towards an environmental-friendly transformation of Taiwan, confirming the
important role of legislation (Winroth et al., 2016).

Regarding the most evaluated indicators, the importance of consumption of resources and product
quality has been confirmed by Amrina et al. (2016), Chang and Cheng (2019), and Hsu et al.
(2017). The Italian firms sampled seem to be in contrast with the investigation of Amrina et al.
(2016) in Indonesia, regarding the importance of issues related to work management and air
pollution, rather being aligned with Hsu et al. (2017) and Winroth et al. (2016) concerning the low
relevance given to indicators on human rights.

Differences exist in the indicators measured by firms of the same size and sectors operating in
different countries. The results appear to be related to differences in the industrial culture and
specific national legislation. To conclude, although benchmarking in general terms has been
recognized to be of fundamental importance, this nevertheless seems to clash with the specific

needs of firms operating in the two countries.
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3.3  Analysis by the size of the firm

3.3.1 Analysis of the most measured indicators

Concerning the average number of indicators measured, the cluster of micro- and small firms

presents a lower number than the total sample, confirming previous studies (Garengo et al., 2005).

In addition to indicators already mentioned for the total sample - product cost, product quality, and

work conditions-, medium-size firms highlighted the relevance of consumption of resources (
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Table 5): this finding may be related to a need for medium firms to develop deeper product analysis

— given the high number of production resources normally in place — beyond the mere product cost

measured by smaller firms. Moreover, medium-size firms also appear to have a greater

measurement of business model and dangerous wastes.

Focusing on the economic pillar (
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Table 6), the medium-size firms sampled seemed to be interested in evaluating innovation and R&D
aspects, confirming the previous findings by Choi and Lee (2017) who found that innovative
advantages and heterogeneity of R&D activities augmented with increased size of the firm.
Regarding the environmental pillar, medium-size firms place particular focus on dangerousness and

water pollution, while the smaller ones did not present any clear pattern.

3.3.2  Analysis of the least measured indicators

Regarding smaller firms, human rights and business practice categories are considered only
by Firm J, and environmental management and natural environment ones only by Firm O (
Table 7). In particular, Firm J affirms that sustainability is directly linked to employee wellbeing,
constantly involving workers in the discussion, supporting dialogue, and associations; moreover,
whereas the firm deems corruption to be a minor issue in Germany, it has measured such
performance as it operates in other countries. For Firm O, the abovementioned stronger

environmental proactivity helps to corroborate the results.
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Focusing on medium-size firms, customer issues are considered only by Firm K, business
practices by Firm W, and natural environment by Firm Z (
Table 7). The aforementioned high level of customization of Firm K can help to corroborate these
findings. Firm W measures corruption as a mandatory part of the ethical codes signed in accordance
with its customers, while Firm Z measures all air pollutant emissions in a very detailed way, but
only as a service included in the contract by the external contractor measuring their air pollution.
Focusing on specific indicators, the cluster of medium-sized companies was quite aligned with the
total sample, apart from market opportunity, material handling, and complexity analysis; for small
firms, only a few measure /7, leadership role, managing culture, and discrimination as well as
several indicators related to social commitment.
The findings can be discussed in light of previous literature about SMEs that, however, does not
distinguish between small and medium-size firms. The relevance of product cost and product
quality is aligned with Chang and Cheng (2019) and Hsu et al. (2017), and the importance of the
environmental aspects evaluated in terms of consumption of resources, waste, and pollution is
confirmed by Hsu et al. (2017) and Winroth et al. (2016). Regarding social issues, the main role of
the work condition is underlined by Hsu et al. (2017), and the low attention given to aspects like
discrimination and social commitment has been highlighted by Winroth et al. (2016). Investment in
innovation and R&D are significant for Chang and Cheng (2019), while IT importance partially
contrasts with Chang and Cheng (2019) and Hsu et al. (2017), not being pointed out by smaller
firms.
The overall results are still aligned with Hsu et al. (2017) regarding the main role of environmental
indicators. However, as discussed above, this result might be due to the countries investigated.
Differences can be appreciated when clustering firms by size, with medium-size firms presenting a
higher availability of economic and personnel resources for sustainability performance assessment
and evaluation (Borga et al., 2009; Stubblefield Loucks et al., 2010; Veleva et al., 2003).

Interestingly, despite the exploratory nature of the investigation, medium-size firms appear to
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measure a common base of indicators, further enriched with other specific indicators, differently
from smaller firms, facing difficulties in understanding the most important indicators to be
measured and effort needed for their measurement (Arena and Azzone, 2012; Cahan et al., 2016;

Ocampo et al., 2015), thus further highlighting the challenges for effective benchmarking.

3.4  Analysis by sector

3.4.1 Analysis of the most measured indicators

Chemical firms presented higher average values of measured indicators than the total sample (

Total Economic Social Environment

(80 indicators) (43 indicators) (20 indicators) (17 indicators)
Max Min Ave Max Min Ave Max Min Ave Max Min Ave
Total Sample 40 5 18.5 23 3 10.1 7 1 3.7 12 0 4.7
Germany 27 5 18 14 3 9.4 7 2 4 8 0 4.6
Ttaly 40 5 18.9 23 3 10.8 7 1 34 12 0 4.8
Medium 33 14 21.5 19 5 11.4 7 2 43 8 2 5.8
Small 40 5 14.3 23 3 8.3 6 1 2.8 12 0 32
Chemical 40 14 22.33 23 5 11.3 7 2 4.8 12 3 6.3
Metal 33 5 15.1 19 3 9.1 6 1 2.8 8 0 33

Table 4), seeming overall to show greater involvement in sustainability performance than their
metalworking counterparts. This result is particularly evident when considering indicators related to
technology and manufacturing strategy, confirming the focus of the chemical sector on safety and

R&D (Vitali, 2012).

Additionally (
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Dangerousness 75 Dangerous outputs () oo
76 Dangerous wastes [ oo

Table 5), chemical firms present a larger focus on pollution and dangerousness categories, as recent

studies also reveal (Van Schoubroeck et al., 2018). Chemical SMEs appear to be interested in the

time needed for product development, as well as in investment in safety and society. Similar

considerations can be drawn by looking at single pillars (
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Table 6), with particular attention for consumption of resources and product development cost (not

so relevant for the metalworking ones) for the economic pillar, categories related to work

management and society for the social pillar, and pollution, dangerousness of inputs and outputs,

recycling and workers implication for the environment one. These results have been reported in
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Colombo (2014) and Verband der Chemischen Industrie (2012), and acknowledged by previous
studies (European Commission, 2009).

On the other hand, even if general metalworking SMEs measure fewer indicators, product quality
and product cost were relevant for the economic pillar, work conditions for the social one, and

dangerous wastes for the environment one (

Metalworking
'Globall.satlor! and 5 Business models
international issues
Contemporary and 9 Growth of economics
contingency issues 10 Consumption of resources
13 Product development costs
Innovative designed 14 Product development time
.2 products and research 16 Regionalised products
§ 17 Personalised products
S Reconfigurable
= manufacturing 18 Enterprise size [
enterprises
Manufacturing 3] R i
strategies ecycling processes oo oo oo oo oo
32 Product costs oo oo oo
Performfmce 33 Response (lead time) o0 o0 o0 oo
evaluation .
37 Product quality
44 Employment o0
<  Work management 45 Work conditions
B 48 HR development X0 oo oo oo
2 . . 54 Healthcare () (1) [ oo
Societal commitment . R
56 Societal investment [ [0
Environment 67 Workers implications [
- management
] Use of resources 70 Recyclable wastes oo
§ Pollution 71 Air pollutiqn (1)
5 72 Water pollution () [ 0
‘5 74 Dangerous inputs (1)
Dangerousness 75 Dangerous outputs (1) oo
76 Dangerous wastes () [

Table 5), in line with previous research, given that the metalworking sector generates more

hazardous wastes than the chemical one (European Commission, 2009).

3.4.2  Analysis of the least measured indicators

Considering the least measured indicators in the chemical sector (
Table 7), business practices are measured only by one firm (J). In the metalworking sector, human
rights and customer issues categories are not considered by any firm, and business practices and
natural environment are considered only by Firm W and Firm Z, respectively, perhaps due to the

specific aforementioned characteristics of the firms (as detailed in Section 3.3).
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The relevance of the economic indicator is in line with the findings of studies in other sectors, such
as automotive (Salvado et al., 2015) and steel (Long et al., 2016; Singh et al., 2007). The
importance of environment protection, such as pollution and dangerousness of material and waste,
is in line with Long et al. (2016), but in contrast with Amrina et al. (2016) for the cement industry.
Another contrast with Amrina et al. (2016) can be observed by referring to the importance given by
firms to issues related to work management and working conditions. The results are, however,
confirmed by Salvado et al. (2015), regarding the low relevance of human rights issues.

From these results, firms do have different needs and may focus on the measurement of specific
indicators. In particular, similar to the findings for the country and size, the sector also plays a
relevant role when selecting the indicators adopted, further highlighting the difficulties in
combining the need for benchmarking with the specific needs of firms characterised by different

contextual factors.

3.5 Analysis of indicators by multiple contextual factors

The results were also analysed by clustering firms according to multiple contextual factors such as
country, size, and sector (Figure 1).

Italian and German SMEs measure almost the same number of indicators for the total set and for
each pillar, with reference to all the clusters considered. However, a slight difference can be
observed, since both small and medium-size Italian firms measure indicators more than the
corresponding German ones. Furthermore, for all the clusters considered, the largest share of
measured indicators is economic, followed by environmental and social ones.

Regarding the least measured indicators (Figure 2), the analysis allowed identification of
commonalities and differences between the clusters. Italian SMEs presented almost the same
tendency in all the different clusters, both for the total set of indicators and for single pillars, while
smaller German firms and metalworking ones appeared to measure fewer indicators than German

medium-size and chemical firms. This finding may be partially related to the considerable number
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of indicators that were not measured, either social and environmental (by smaller firms)

or

economic (by metalworking ones). Firms appear to have the same trend in the two countries when

analysed according to size (small vs medium firms) and sector (metalworking vs chemical).

Figure 1. Measured indicators. Number (average) of indicators measured according to a combination of the different

contextual factors, i.e. country with size and sector.
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Figure 2. Indicators not measured. Number (average) of indicators not measured according to a combination of the
different contextual factors, i.e. country with size and sector.
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3.6 Additional considerations about firm’s perspective on sustainability and presence of

General

Number of indicators not measured

Small Medium Chemical Metalworking] General

Small Medium

Chemical

7 B

|
|
|
|
|
|
|

Metalworking

certifications

Germany Italy
All indicators Economic indicators . All indicators Italy
Germany Germany
Environment Social indicators Environment

indicators Germany Germany

indicators Italy

Economic indicators

Ttaly

Social indicators
Italy

Additional analyses were conducted trying to understand whether the perception and management

of sustainability by firms — based on interviewees’ judgment over sustainability definition and

performance affected — can impact measurement of sustainability indicators (

Pillars
. Person responsible Definition provided considered Impact of sustainability on firm
irm performance
Eco Soc Env
Management, technical ~ As environmental sustainability and creation of value Any
A director, suggestions ° °
from employees
Quality manager Mainly related to energy and gas consumption; it has not Positive effect on environment and
B properly faced social aspects yet. e employees’ wellbeing
No responsible. Mainly related to waste, recycling and energy consumption. Any
C Management and Social pillar seen as training and help to community. . .
individual employees
D Management Related to reduction, separation of waste, increase in recycling. . No direct impact on value creation
Management Environmental aspects only in terms of compliance with Positive effect on employees’ wellbeing
E regulation, reduction of resources’ consumption implemented o o .
only for economic reason. Social aspects related to improve
working condition and avoid use of dangerous materials.
F Management Important but not a priority because of orders fluctuation. . Any
No specific manager, Importance of all the three pillars; necessary for building a long Positive effect on overall firm performance
G more than one person -term relationship with customers and suppliers, employees’ o .
involved wellbeing, social commitment, reduction of resource
consumption.
Management Important for optimize machines’ consumption, remove Positive effect on economic and safety
H hazardous material (good for employees and environment), and o o e performance

evaluate possible methods for reusing materials.
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No specific manager,
all employees involved

Impact on production in terms of material that can be used, and
on safety in terms of training and standards.

Any

Management

Long-term perspective.

Positive effect on workers' wellbeing

R&D manager,
management

Declaration with environmental and social purposes.

It leads to technical disadvantages and
ethical advantages. Not sure of positive
effects on final customers

No specific manager,
all employees involved

Social commitment in the long term.

Positive impact on employees’ wellbeing

Management (plus a
manager for each
certification)

Difficult to be integrated into production; mainly related to
customers' satisfaction and avoid the use of dangerous materials.

Any

No manager

Mainly seen as elimination of dangerous substances and not
sustainable material (e.g. palm oil). Economic sustainability
related to relationship with customers, social one focused on
employees’ wellbeing. Sustainability not considered in the
decision-making process.

Sustainability as a philosophical concept.
No economic advantages, but disadvantages

Safety manager,
environment manager,
ecology manager

Firm considers itself as really green oriented. Efforts directed
towards reducing air and water pollution, waste, noise.

No advantages but the potentiality of
advantage

Technical director,
collaborators

Mainly focused on sustainability, in particular on goals related
to sustainable development goals number 9 and 15.

Positive effect on overall firm performance

Health safety and
environment manager

Aligned with the triple bottom line's definition.

Positive effect on overall firm performance

Safety manager,
external safety
consultant, external
energy consultant

Production process that must consider external factors
(environment and people), and be able to balance production
and emissions (pollution, waste).

Advantages since world is moving towards
sustainability. Positive effect on firm's
image

No specific manager.
There is a safety
manager

Relative concept to be contextualized in the single project
undertaken.

Environmental issues and concerns as
marketing instruments or related to
economic reasons

CEO

Reduction of raw material use, and certified products and
suppliers. However, firm only considers sustainability in terms
of safety due to legislation.

Positive effect on overall firm performance

Safety manager, quality
manager

Related to profit and firm activity’s maintenance. Sustainability
within firm mainly related to safety.

Positive effect on overall firm performance

External energy
manager

Safety and environment considered as distinct aspects. Proactive
firm, above all regarding environment issues: external energy
manager is seen as an opportunity, not a cost.

Positive internal (employees' safety) and
external (market) effect

CEO, Health safety and
environment manager

Firm’s ability to confirm its results in the long term.

Positive effect on overall firm performance

CEO

Running the business respecting the environment, but firm
mainly focused on economic aspects.

Any

Safety manager, quality
manager

Reduction in resources’ use and pollution emission, protection
of human rights.

Awareness of sustainability as possible
advantages on overall firm performance, but
not always considered in decision making
process

Management

Ability to continuously adapt to changes.

Economic internal benefits and community
external benefits

Table 8).

All firms include the environmental pillar in their definition of sustainability, while 15 of 26
(mainly Italian and chemical) considered all three pillars. Those firms appear to be aligned with the
total sample in terms of number of indicators evaluated, but firms considering only the
environmental pillar seem to measure more indicators regarding the environmental area — as
expected - but also the economic ones. However, for all the clusters evaluated, the economic
indicators are always considered the most important ones, far above social aspects (even when
included), as previously noted by Charmondusit et al. (2014), Neri et al. (2017) and Van

Schoubroeck et al. (2018), who related this to the subjective character of social indicators.
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Lastly, considerations regarding the presence of a specific figure in the firm responsible for

sustainability issues were encompassed. Only a few firms (5) have a specific person in charge —

four Italian firms and four chemical firms - but the vast majority (15) do not have a specific person

responsible, with sustainability mainly overseen by top management. From this preliminary

analysis, the presence of a sustainability manager does not seem to clearly lead to a higher number

of indicators measured. Nevertheless, further research is needed to explore this factor in-depth, as

previous analyses deemed noted that the characteristics of managers are strictly related to the way

performance is evaluated, being influenced by individual choices, motives, and values (Fuente et al.,

2017).

Considering the presence of certifications (

irm Country  Sector Employees  Size Certification Person interviewed
A Germany  Metalwork 160 Medium 1SO 9001 Safety manager
B Germany  Metalwork 35 Small 1SO 9001 Production manager
C  Germany  Metalwork 50 Medium - Human Resource manager
D Germany  Metalwork 4 Micro - CEO
E  Germany  Metalwork 8 Micro 1SO 9001 Administrative employee
F  Germany  Metalwork 5 Micro - Sales manager
G Germany  Metalwork 148 Medium 1SO 9001; ISO 14001 CEO
H  Germany  Chemical 50 Medium 1SO 9001 CEO
I Germany Chemical 50 Medium ISO 9001 Production manager
J Germany  Chemical 35 Small ISO 9001; ISO 50001 Business Development manager
K  Germany  Chemical 240 Medium ISO 9001 Product manager
L Germany  Chemical 75 Medium ISO 9001; ISO 14001; ISO 50001 CEO
M Germany  Chemical 250 Medium 1SO 9001; ISO 14001; ISO 50001 Sales manager
N Italy Chemical 57 Medium 1SO 9001 Sales manager; safety manager
0 Italy Chemical 4 Micro 1SO 9001; ISO 14001; OHSAS 18001  CEO; HSE manager
P Italy Chemical 60 Medium I1SO 9001; ISO 14001; OHSAS 18001  Technical director
Q  Italy Chemical 250 Medium 1SO 9001; ISO 14001; OHSAS 18001  HSE manager
R TItaly Chemical 49 Small 1SO 9001 CEO
S Italy Chemical 65 Medium 1SO 9001 CEO
T  Ttaly Metalwork 3 Micro - CEO
U Ttaly Metalwork 9 Micro 1SO 9001 CEO
V.  Italy Metalwork 32 Small - CEO
W Italy Metalwork 55 Medium ISO 9001; ISO 14001; OHSAS 18001  CEO
X  Italy Metalwork 15 Small - CEO
Y  Ttaly Metalwork 50 Medium 1SO 9001 CEO
Z  Italy Metalwork 53 Medium 1SO 9001 CEO; Purchasing and logistics manager

Table 3), possibly affecting the number of sustainability indicators adopted, 6 of 26 firms hold at

least three certifications, but 20 firms hold at least one (

irm Country

Sector

Employees

Size

Certification

Person interviewed

A Germany

Metalwork

160

Medium

1SO 9001

Safety manager
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B Germany  Metalwork 35 Small 1SO 9001 Production manager

C  Germany  Metalwork 50 Medium - Human Resource manager

D Germany Metalwork 4 Micro - CEO

E  Germany  Metalwork 8 Micro 1SO 9001 Administrative employee

F  Germany Metalwork 5 Micro - Sales manager

G Germany  Metalwork 148 Medium 1SO 9001; ISO 14001 CEO

H  Germany Chemical 50 Medium 1SO 9001 CEO

1 Germany  Chemical 50 Medium 1SO 9001 Production manager

J  Germany  Chemical 35 Small ISO 9001; ISO 50001 Business Development manager
K  Germany  Chemical 240 Medium 1SO 9001 Product manager

L Germany  Chemical 75 Medium ISO 9001; ISO 14001, ISO 50001 CEO

M  Germany  Chemical 250 Medium 1SO 9001; ISO 14001; ISO 50001 Sales manager

N Ttaly Chemical 57 Medium 1SO 9001 Sales manager; safety manager
0 Italy Chemical 4 Micro 1SO 9001; ISO 14001; OHSAS 18001  CEO; HSE manager

P Ttaly Chemical 60 Medium I1SO 9001; ISO 14001; OHSAS 18001  Technical director

0  ltaly Chemical 250 Medium 1SO 9001; ISO 14001; OHSAS 18001  HSE manager

R ltaly Chemical 49 Small 1SO 9001 CEO

S ltaly Chemical 65 Medium 1SO 9001 CEO

T  ltaly Metalwork 3 Micro - CEO

U  Ttaly Metalwork 9 Micro 1SO 9001 CEO

VvV  Italy Metalwork 32 Small - CEO

W ltaly Metalwork 55 Medium ISO 9001; ISO 14001; OHSAS 18001 CEO

X  ltaly Metalwork 15 Small - CEO

Y  Ttaly Metalwork 50 Medium 1SO 9001 CEO

Z  ltaly Metalwork 53 Medium 1SO 9001 CEQ; Purchasing and logistics manager

Table 3). Interestingly, ISO9001 and ISO14001 certified firms are equally distributed between the
two countries, although all four firms certified ISO50001 are located in Germany, and the four
certified OHSAS180001 are all located in Italy, suggesting that each country may push for a certain
type of certification. Regarding the sector, chemical firms hold more certifications than
metalworking ones, also for historical reasons - e.g. in Italy the 1976 chemical plant accident in
Seveso had a large impact (Colombo, 2014). These findings seem to be sound and can be confirmed
by International Organization for Standardization (2017). The same can be also noted for size, with
medium-size firms holding more certifications than small ones, in line with Hillary (2004),
Jamieson et al. (2012), and Martin-Pefia et al., 2014). From this preliminary analysis, firms holding
more certifications seem to adopt more indicators, confirming previous research (Marshall and

Brown, 2003) but, given the exploratory nature and the small sample, further research is necessary.

Pillars Impact of sustainability on firm
Firm Person responsible Definition provided considered P .
“Eco_Soc_Env performance
Management, technical ~ As environmental sustainability and creation of value Any
A director, suggestions . °
from employees
Quality manager Mainly related to energy and gas consumption; it has not Positive effect on environment and
B properly faced social aspects yet. e employees’ wellbeing
No responsible. Mainly related to waste, recycling and energy consumption. Any
C Management and Social pillar seen as training and help to community. (] .
individual employees
D Management Related to reduction, separation of waste, increase in recycling. . No direct impact on value creation
E Management Environmental aspects only in terms of compliance with 5 5 Positive effect on employees’ wellbeing

regulation, reduction of resources’ consumption implemented
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only for economic reason. Social aspects related to improve
working condition and avoid use of dangerous materials.

Management

Important but not a priority because of orders fluctuation.

Any

No specific manager,
more than one person
involved

Importance of all the three pillars; necessary for building a long
-term relationship with customers and suppliers, employees’
wellbeing, social commitment, reduction of resource
consumption.

Positive effect on overall firm performance

Management

Important for optimize machines’ consumption, remove
hazardous material (good for employees and environment), and
evaluate possible methods for reusing materials.

Positive effect on economic and safety
performance

No specific manager,
all employees involved

Impact on production in terms of material that can be used, and
on safety in terms of training and standards.

Any

Management

Long-term perspective.

Positive effect on workers' wellbeing

R&D manager,
management

Declaration with environmental and social purposes.

It leads to technical disadvantages and
ethical advantages. Not sure of positive
effects on final customers

No specific manager,
all employees involved

Social commitment in the long term.

Positive impact on employees’ wellbeing

Management (plus a
manager for each
certification)

Difficult to be integrated into production; mainly related to
customers' satisfaction and avoid the use of dangerous materials.

Any

No manager

Mainly seen as elimination of dangerous substances and not
sustainable material (e.g. palm oil). Economic sustainability
related to relationship with customers, social one focused on
employees’ wellbeing. Sustainability not considered in the
decision-making process.

Sustainability as a philosophical concept.
No economic advantages, but disadvantages

Safety manager,
environment manager,
ecology manager

Firm considers itself as really green oriented. Efforts directed
towards reducing air and water pollution, waste, noise.

No advantages but the potentiality of
advantage

Technical director,
collaborators

Mainly focused on sustainability, in particular on goals related
to sustainable development goals number 9 and 15.

Positive effect on overall firm performance

Health safety and
environment manager

Aligned with the triple bottom line's definition.

Positive effect on overall firm performance

Safety manager,
external safety
consultant, external
energy consultant

Production process that must consider external factors
(environment and people), and be able to balance production
and emissions (pollution, waste).

Advantages since world is moving towards
sustainability. Positive effect on firm's
image

No specific manager.
There is a safety
manager

Relative concept to be contextualized in the single project
undertaken.

Environmental issues and concerns as
marketing instruments or related to
economic reasons

CEO

Reduction of raw material use, and certified products and
suppliers. However, firm only considers sustainability in terms
of safety due to legislation.

Positive effect on overall firm performance

Safety manager, quality
manager

Related to profit and firm activity’s maintenance. Sustainability
within firm mainly related to safety.

Positive effect on overall firm performance

External energy
manager

Safety and environment considered as distinct aspects. Proactive
firm, above all regarding environment issues: external energy
manager is seen as an opportunity, not a cost.

Positive internal (employees' safety) and
external (market) effect

CEO, Health safety and
environment manager

Firm’s ability to confirm its results in the long term.

Positive effect on overall firm performance

CEO

Running the business respecting the environment, but firm
mainly focused on economic aspects.

Any

Safety manager, quality
manager

Reduction in resources’ use and pollution emission, protection
of human rights.

Awareness of sustainability as possible
advantages on overall firm performance, but
not always considered in decision making
process

Management

Ability to continuously adapt to changes.

Economic internal benefits and community
external benefits

4 Discussion

identified several important open issues.

Table 8. Firms’ perspectives on sustainability. For each firm, the following are reported: person(s) responsible of
sustainability, definition of sustainability provided, re-categorization of the definitions according to TBL’s pillars, and
perceived impact of sustainability on the firm’s performance.

This exploratory investigation examined how sustainability is measured in industrial firms and
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First, the need for context-tailored models for evaluation of sustainability performance, in contrast
with the need for a common and standardized model that would allow and foster benchmarking
activities. As revealed from our exploratory investigation, and also confirmed by recent literature
(Winroth et al., 2016), firms characterized by different contextual factors focus on different
indicators. These differences seem to call for further research about the development of a unique
framework for measurement of sustainability indicators. This framework would allow a proper
comparison among different contexts - thus beyond the characteristics of each model (Azapagic and
Perdan, 2000; Christofi et al., 2012) — still considering the specific needs of different firms, in terms
of types, level of detail, and number of indicators.
Second, the number of indicators that should be included in a model. From our investigation, a
considerable variance between the number of indicators measured by firms with different
characteristics emerged empirically. Moreover, none of the sampled SMEs measured more than 40
indicators: therefore, it seems reasonable to think that, regardless the exploratory nature of the
findings, the number of indicators proposed by Garbie (2014) should be revised.
Third, the level of detail of indicators. It can be perceived that a greater level of detail than that
proposed is sometimes perceived as necessary by the firms sampled. A few examples from the
investigation could offer suggestions for further research:

e Consumption of resources: some firms clearly distinguished between consumption of

energy, material, raw material, water, natural gas, etc.;
e Air pollution: some firms distinguished among different pollutants, e.g., COD or nitrogen;
e Work conditions: some of the firms collect additional details for this indicator, specifically
pointing out the need to measure days of illness, absenteeism, and employee involvement.

The need for a greater level of detail seems to be driven by the characteristics of the individual firm.
Interestingly, chemical firms were consistently asking for more detailed indicators — in particular,
regarding consumption of resources, as recently shown (Schmidt et al., 2019; Van Schoubroeck et

al., 2018). This result seems to corroborate that different sectors need specific indicators to cover
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specific aspects, as noted by previous models of indicators specifically developed for the mining
sector (Azapagic, 2004), palm oil production (Lim and Biswas, 2015), and sugar production
(Sureeyatanapas et al., 2015).

Fourth, categorization of indicators into the different sustainability pillars. When interviewees were
asked to mention indicators measured with reference to the three sustainability pillars, in some
cases their attribution was different from that of Garbie (2014). A few examples from the
exploratory investigation could offer valuable suggestions for further research:

e Consumption of resources: a large set of literature attributes this indicator to the eco-
efficiency area (Alves and Dumke De Medeiros, 2015; Coté et al., 2006; Gimenez and
Tachizawa, 2012). Interestingly, some firms were ascribing this indicator to the economic or
environmental pillar;

e Customer-related aspects: firms equally related these to the economic and social pillars.
Nevertheless, some authors consider them under the economic pillar (Krajnc and Glavic,
2003; Winroth et al., 2016), and others under the social pillar (Engida et al., 2018; Jiang et
al., 2018), underlying the need to include them in a socio-economic area, which has received
less attention from scholars to date.

Additionally, firms were particularly interested in evaluating more detailed aspects related to
employees and productivity (e.g., productivity of the single employee), underlining the importance
of linking these two concepts, as previously discussed by Das et al. (2008) and Pagell et al. (2014).

Fifth, modelling of the multiple intersections of sustainability pillars, as highlighted by Sikdar
(2003). Contributions still tend to address sustainability through compartmentalisation, with
separation of the three sustainability pillars (Lozano and Huisingh, 2011), although it has been
recognized that understanding if and how the different indicators are interrelated can help firms in
achieving sustainability (Amrina et al., 2016; Helleno et al., 2017; Searcy et al., 2005). Some
contributions (Azapagic, 2004) tried to model the intersections between two different pillars along

with single pillars or just within the intersections (Lodhia and Martin, 2014), but are referred to a
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specific industry (i.e. mining). Therefore, they neither appear to be scalable to an important
contextual factor as firm size nor, above all, address the intersection of the three pillars.

Sixth, how to balance measured indicators within the TBL. The exploratory investigation revealed
the primary role played by evaluation of the economic pillar over the other two, whereas the social
pillar is considering mainly in terms of compliance with legislation, and the environmental one for a
focus on the resource used — thus reflecting economic aspects. In this regard, further efforts should
be paid towards policy-making at the European level, increasing awareness towards sustainability
issues by understanding the crucial role of the environmental and social pillars in light of the goals
of the UN on sustainable development. However, this primary role attributed by the firms could
also be biased by the predominant presence of economic indicators in the theoretical model for

evaluation of sustainability performance, as noted by recent studies (Van Schoubroeck et al., 2018).

5 Concluding remarks and suggestions for further research

This research, based on firms operating in two major European manufacturing economies, offers
interesting empirical insights and a valuable contribution to the discussion about measuring and
promoting sustainability in industrial activities at the theoretical, empirical, and managerial levels.
The findings provide further confirmation that some aspects of measuring sustainability are missing
still in the EU manufacturing sector (Johnson and Schaltegger, 2016) and SME:s, in particular, face
difficulties in properly gauging sustainability performance (Arena and Azzone, 2012). Some
limitations in the research method can be underlined, offering the opportunity to enhance the
present efforts. The interviewees in the different firms were not in exactly the same leadership
position and the results obtained from explorative research do not provide an analytical
generalizability of the results. Further research should enlarge the sample, allowing statistical
generalizability and more thoroughly investigating common patterns related to different features -
more sectors and countries, and others like energy intensity, types of processes, and organizational

structure. Further investigations in larger samples are also necessary to draw statistically relevant
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considerations on the relationship between the number and type of indicators measured and the way

sustainability is perceived and managed by firms, which is out of the scope of the present study.

From a theoretical perspective, the study provides interesting information to further stimulate
debate in the academic literature. In fact, despite highlighting the need for a generic model of
sustainability indicators, easily integrated with specific indicators (Harik et al., 2015), further
efforts should be given since such a model has not yet been developed (Medini et al., 2015). Further
research should focus on the development of a new framework for holistic evaluation of
sustainability performance in industrial firms, stemming from the results of the present study. A
framework focusing on indicators of real interest for firms (Delai and Takahashi, 2011) is needed,
allowing benchmarking but simultaneously being ascribable to different contexts in terms of
contextual factors and different degrees to which a firm wants or can commit to sustainability — as
related to different levels of resource availability and different competencies toward sustainability.
These aspects are in turn related to the level of detail according to the firms’ needs, and to the
identification of a compromise with a reasonable number of indicators that can be handled by a
single firm. Indeed, suggestions from previous authors (Krajnc and Glavi¢, 2005; Nordheim and
Barrasso, 2007) should be followed, considering that a relevant number of indicators may be
difficult to manage by a firm with limited resources, like SMEs (Borga et al., 2009; Stubblefield
Loucks et al., 2010; Veleva et al., 2003), and may, in general, distract from pursuing a focused
strategy (Epstein and Widener, 2010), negatively affecting the decision-making process (Medini et
al., 2015). The selection of the most adequate indicators is thus quite challenging (Chee Tahir and
Darton, 2010), and the literature to date is based only on the perspective of external stakeholders
(Basu and Kumar, 2004; Naderi et al., 2017) or scholars (Feil et al., 2015).

Going beyond the firm’s boundaries (Salvado et al., 2015; Seuring and Miiller, 2008), the present
work may also be a valuable basis for the development of a set of industrial sustainability indicators

for the supply chain, considering that competitiveness is increasingly played at a system level
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(Massaroni et al., 2015; Shibin et al., 2017b). The simultaneous application of the two models of
performance indicators in a supply chain would help to more clearly understand the impact of
adoption of an industrial sustainability measure (Trianni et al., 2017) at the single firm and supply
chain levels.

Broadening the scope of the research, it would be interesting to evaluate and understand the
problems faced by persons living near the investigated firms with reference to sustainability, thus
perfectly inserting the firm within the context in which it operates.

From a practical perspective, the study provides additional knowledge about the critical areas of
sustainability that have neither been measured nor addressed by companies. The research also offers
a valuable contribution to policymakers for the development of proper actions aimed at increased
awareness about this crucial issue. In particular, an application in a specific sector and geographical
context can help in better understanding the problems faced by SMEs and the role of government
and regulation. This is even more urgent when considering UN sustainability development goals
that give equal focus to both environmental and social issues (United Nations, 2015), and therefore
the need for companies to have in place a set of sustainability indicators that adequately cover the

three sustainability pillars.
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Annex

Firm

Pillar Category Code Indicator A C H 7 KL MNO P S W 7 Total

1 Supply chain management . . ° 5

Globalisation and 2 IT . 2 1
international issues 3 Energy‘ price e e SR ° 6

4 Emerging markets ° . 2

5 Business models ° o o e o o o o o ° ° ° 21

6 Process technology . . 4

Contemporary and 7 Government regulgtions 1
contingency issues 8 Growth ofpopulatlp " 0

9 Growth of economics e o ° ° ° ° 11

10 Consumption of resources o o o o o o o o o o . ° . 23

11 Needs 0

12 Market opportunity 1
Innovative designed 13 Product development costs o o e o o o o o ° ° ° 14
products and 14 Product development time o o e o o o e o 10

research 15 Development capability . 2

16 Regionalised products . o o e o o . 9
17 Personalised products . o o . e o o . . 15

18 Enterprise size . . . o o . . . 11

19 Enterprise functionality . . o o . . . 8

° 20 Material handling equipment . 1
‘g Reconfigurable 21 Material handling storage . . . ° . 6
g manufacturing 22 Identification system 0
3 enterprises 23 Plant location . . 2
24 Functional layout* . . . . . 5

25 Product layout* 0

26 Cellular layout* 0

27 Complexity analysis 1

Manufacturing 28 Leqn production . o o . . 5

strategies 29 Agile manufagtunng 0

30 Remanufacturing 1
31 Recycling processes . . e o o o . 14

32 Product costs . o o e o o o o o o . ° . 22

33 Response (lead time) . o o o o o o o . . . 13

Performance 34 Enterprise productivity e o o o ° . 8

evaluation 35 HR appraisal . . . 4

36 Resources status . o 3
37 Product quality . o o e o o o o o o . . . 25

38 Strategic planning 0

. 39 Organising work . . ° . 4

Flexible .

organisation 40 Orgamsat‘lon structure . . 2
management 41 Leadership role . 1

42 Staffing 0

43 Managing culture ° 1

44 Employment . . . ° . 9
3—; Work management 45 Work conditions . o o e o o o o o o . ° . 26
2 46 Social dialogue . 2
47 Society security . 1
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48

HR development . e o o o e o o o o o ° 13

49 Child labour 0

Human rights 50 Freedom of association . . . 3

51 Discrimination . 1

52 Involvement in local community . . o o . . 6

53 Education . ) 2
Societal 54 Healthcare o o e o o o o o o o e o o o . 17

commitment 55 Job creation 0
56 Societal investment . . o o o o e o o o 10

57 Culture and technological development . 1

58 Marketing and information . 1

Customers issues 59 Private life protection . 1

60 Access to essential services . 1

61 Fight against corruption . . 2

Business practices 62 Fair trading 0

63 Understanding foreign culture 0

64 Environmental budget o o . . 4

Environment 65 Environmental certification . o o e o o . 7
management 66 Environmental concerns and compliance 0

67 Workers implications e o o o . e o 7

68 Renewable energy . . ° . 4

Use of resources 69 Recycled water . . o o . . 6

E 70 Recyclable wastes o o o ° . e o o 9
£ 71 Air pollution . . e o o o o o o o o ° 12
§ Pollution 72 Water pollution e o o o e o o o o o o o o ° 14
E 73 Land pollution ° . o o o o 6
= 74 Dangerous inputs e o o e o o o o o ° e o o . ° 15
Dangerousness 75 Dangerous outputs o o e o o o o o . e o o . o o 15

76 Dangerous wastes o o o e o o o o e o o o o . ° . 16

77 Eco-system services . . . . 4

Natural 78 Bio-diversity 0
environmental 79 Land use (] . 2

80 Development of rural areas . 1

Total 18 18 18 12 25 18 16 21 27 24 24 14 40 30 18 15 21 11 10 33 12 14 23 l

Table Al. Detail of indicators measured by each firm. The indicators measured are reported for each firm investigated (indicated with a e).
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