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ARTICLE INFO ABSTRACT

Handling Editor: Cecilia Maria Villas Boas de Small and medium enterprises (SMEs) are the backbone of many economies and shape the sustainability of both

Almeida production and consumption. SMEs differ drastically in their sustainability performance and maturity. The

objective of this paper is to assess what aspects of SMEs’ activities, including their links to stakeholders in their
Keyw: or ds: supply chains, explain a company’s sustainability performance. Using a literature-based theoretical framework
I;/I;;unty for assessing SME sustainability performance and maturity, the study conducts a survey with participants in a

100-company sustainability innovation project conducted in the Greater Copenhagen region. The sample of
companies reaches across several industries including construction, hotel/conference, information technology,
and manufacturing. The study analyses survey data using paired sample t-tests and regression analyses. The
results show that the following factors help explain the sustainability performance and maturity of SMEs in the
sample: the degree of customer involvement in product and process development; engaging, communicating and
partnering with customers; customer segmentation, technology and innovation as constituent parts in the
business strategy; and the amount of time dedicated specifically to commercial and marketing efforts and process
development. The study shows that devoting time and resources to engage with customers in product and process
development will lead to increased sustainability performance and maturity. These results contrast with the
traditional norm that companies develop as a reaction to changing customer requirements. The novelty of this
study lies in bringing to light the aspects within the management of SMEs contribute to explaining their sus-
tainability performance, and thus can be used to guide improvements. Unveiling this allows SMEs to deploy
sustainability-focused action.

Sustainable business
Triple bottom line
Paired t-test
Regression analysis

1. Introduction

Businesses have become increasingly aware that the current pace of
intensive production of goods and services is unsustainable (Pezzini,
2012). Businesses recognize the need to enhance competitiveness while
improving socio-economic (Porter and Kramer, 2011) and environ-
mental conditions (Salvador et al., 2021a) by shifting focus from a
short-term economic return to a broader view of shared value. In the last
few years, corporate social sustainability (CSR) (Vasquez et al., 2021), or
more recently Environmental Social and Governance (ESG) (Machado

and Carvalho, 2021), has promoted the reduction of impacts produced
by internal activities through more efficient use of resources and
embedding environmental and social aspects in the organizational
strategy (Husted and de Sousa-Filho, 2019; Nirino et al., 2021). None-
theless, simply “reducing harm” no longer makes for sustainable
conduct (Barros et al., 2021), as even zero harm might not be enough to
safeguard the functioning and quality of ecosystems for future genera-
tions (Vandenbrande, 2021). For that reason, the commitment to more
sustainable development in all sectors has increased (Heikkurinen et al.,
2019).
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Performance measurement has evolved from measurement to man-
agement (Bititci et al., 2015). Both entrepreneurs and scholars must
design maturity models and frameworks (Vasquez et al., 2021). Per-
formance and maturity evaluation helps companies identify and track
improvement over time (Seidel-Sterzik et al., 2018). Such maturity
models show stakeholders which changes, at different levels and places
in the supply chain cause positive impacts (Seidel-Sterzik et al., 2018).

Small and medium enterprises (SMEs) have 10-249 persons
employed, an annual turnover of no more than EUR 50 million, and/or a
total annual balance sheet of a maximum of EUR 43 million (Eurostat,
2022). Globally, SMEs represent 90% of businesses and a sizeable
portion of gross domestic product (GDP) and employment (Fatima et al.,
2021). In Europe, approximately 25 million SMEs represent 50% of the
GDP (Fatima et al., 2021), and 2 out of 3 jobs (European Commission,
2020). SMEs are thereby important, but many lack sustainability prac-
tices (Chu and Cheung, 2017). Unfortunately, many research areas, such
as ecoefficiency (Prashar, 2021), manufacturing (Golinska and Kuebler,
2014), and sustainability and sustainable development in general
(Vandenbrande, 2021), often overlook SMEs. Few studies have investi-
gated what aspects of the activities of SMEs influence and can contribute
to their sustainability performance and maturity (Vasquez et al., 2021).

The objective of this paper is to assess what aspects of SMEs’ activ-
ities, including their links to stakeholders in their supply chains, explain
a company’s sustainability performance. We propose a framework to
assess SMEs’ sustainability performance and maturity. The framework
development included a systematic literature review and consultation
with industry experts. We use the framework to collect data from SMEs
in the Greater Copenhagen area in Denmark. The respondent companies
participated in the Sustainable Bottomline 2.0 project (Gate 21, 2022).
The data concerned the companies’ sustainability performance (herein
after referred to as variables) and the companies’ activities and structure
(herein after referred to as aspects), both before and after the project. We
conducted paired t-tests and regression analyses to identify what
changed and how much each of the identified aspects (independent
variables) explains the sustainability performance (dependent vari-
ables). The novelty of this study lies in bringing to light the aspects
within the management of SMEs contribute to explaining their sus-
tainability performance, and thus can be used to guide improvements.

The paper structure includes seven sections. Section 1, introduction,
provides the initial considerations on the theme and the main goal of the
study. Section 2, methods, depicts the methods used to propose the
framework and to carry out the statistical analyses. Section 3 introduces
the sustainability variables and company aspects used in our framework.
Section 4 presents the main results of our research, thus the analyses of
means, and the regression analysis, comparing scores from BEFORE and
AFTER the project and revealing the relationships between the different
aspects of SMEs and their sustainability performance. Section 5 dis-
cusses where to focus sustainability efforts based on the results. Section
6 briefly discusses how our results compare to the existing literature.
Finally, Section 7 draws out the main conclusions and limitations of our
research, and opportunities for future research.

2. Methods

This study used a mixed-method approach. (i) A systematic literature
review identified aspects to measure sustainability performance and
maturity in SMEs. (ii) A survey collected information on the perceived
sustainability performance and maturity. (iii) The hypotheses focus on
how the measured aspects influence sustainability performance and
maturity in SMEs. (iv) The population of the study concerns the com-
panies participating in the Sustainability Bottomline 2.0 Project, and
these companies received invitations to answer the survey. (v) Paired t-
tests and regression analyses of the data identified which aspects from (i)
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help explain sustainability performance and maturity. To fulfill the
objective of this paper, the project BB2.0 was seen as an opportunity to
track the change in the companies’ activities and their sustainability
performance, thus analysing what internal changes help explain sus-
tainability performance.

2.1. Systematic literature review

This systematic literature review identifies aspects to measure sus-
tainability in SMEs. Fig. 1 illustrates the steps of the review.

Step 1. Searches in databases. The searches included the Science-
Direct, Scopus, and Web of Science databases on January 21, 2022,
using the following query: “maturity” AND (“model” OR “framework™)
AND “SME*" AND “sustainab*". The search included all document types,
such as journal articles (both original research and review, and both
published and in press), conference papers, books, and book chapters.
The searches resulted in 2 documents from Science Direct, 38 from
Scopus, and 48 from Web of Science.

Step 2. Deleting duplicates. Out of 88 documents, 71 survived the
exclusion of duplicates.

Step 3. Screening titles and keywords. The question “by analyzing its
title and keywords, does this document help identify the aspects of SMEs
(regarding their structure and activities)?" reduced the number of doc-
uments to 24.

Step 4. Screening abstracts. Step 3 used the question from step 2,
focusing on abstracts, reducing the number of documents to 17.

Step 5. Reading full texts. Step five included reading the full texts and
filling out a reading form, thus collecting information on potential di-
mensions and criteria for measuring sustainability performance and
maturity in SMEs, while simultaneously assessing their contribution to
reaching the aim of this study. One document was ruled out by not
contributing in this way. Thus 16 documents remained.

Step 6. Content analysis. This step analyzed the full texts of the 16
documents, emphasizing how SMEs organize.

A series of iterative sub-steps refined the aspects as follows.

a) Listing aspects. This sub-step aimed to identify the relevant aspects
concerning how SMEs organize by analyzing the existing literature.

We searched and analyzed the literature for any actions, practices,
activities, or elements of any other nature of relevance for describing a
company and its activities.

This mapping included ambiguous and/or double-counted terms.

b) Checking for overlap and ambiguity.

We analyzed the aspects in this initial list in pairs (among one
another). We merged overly similar ones to avoid overlapping/double
counting by comparing aspects in pairs to check whether they should be
merged or deleted. At the end of this process, six aspects remained: 1.
Knowledge and competencies, 2. Communication, 3. Partnerships, 4.
Strategic setting, 5. Technology & innovation, 6. Process, and operations
management.

c) Refining aspects and dimensions.

Section 2.2 presents further details.

Investigating the existing literature identified the aspects. The au-
thors have contributed their knowledge and criticism to frame and detail
each. The process of merging and refining them and the description of
each aspect is a synthesis rather than mere reporting and summarizing
existing studies. Thus, the interpretation of different sources into
framing the aspects that influence sustainability performance in SMEs is
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1 Searches in databases Remaining
"maturity” AND ("model” OR "framework") AND "SME** AND "sustainab* ~ documents
Science Direct Scopus Web of Science 88
2 38 48
2 Deleting Duplicates 71
3 Screening titles and keywords 24
4 Screening abstracts 17
5 Reading full texts 16
6 Content analysis 16
Portfolio
a) listing dimensions b) checking for overlap c) refining dimensions
and criteria and ambiguity and criteria
7 Complementing the portfolio 52

Fig. 1. Overview of research methods.

part of the contributions of this study.

Step 7. Complementing the portfolio. We complemented the port-
folio of 16 articles by adding relevant sources (for literature support),
firstly from a cross-reference snowballing approach and secondly from
further non-systematic searches. The snowballing cross-referencing
approach checked the references of the 16 articles and retrieved and
analyzed the relevant studies. The approach also checked any references
of those new sources deemed relevant. The non-systematic searches used
the ScienceDirect, Scopus, and Web of Science databases to complement
the aspects’ definition and relevance. The reference query was often
“sustainab*" AND “matur*' AND “SME*" AND “term”, where we
replaced “term” with keyword variations of the aspect under investi-
gation. These new searches took place during the second half of
February 2022. These activities included a total of 52 sources.

2.2. Building a survey to assess the sustainability performance and
maturity of SMEs

Building the survey included the following steps.

2.2.1. Defining a scale

We used a 5-point Likert scale for the sustainability performance
(dependent variables) and the aspects (independent variables) (see
section 3.1). We used the 5-point Likert scale because it allows for a
selection of an intermediate performance (i.e., it does not force the
respondent to provide a skewed result). A 5-point Likert scale was
effective in other research measuring sustainability in SMEs (e.g.,
Brendzel-Skowera, 2021; Cristoni and Tonelli, 2018; Golinska and
Kuebler, 2014; Irimias, and Mitev, 2020; Prashar, 2019; Seidel-Sterzik
et al., 2018). Table 1 presents the scale (as presented in the survey — see
Appendix A).

Table 1
Scale used in the survey.
Scale for performance in sustainability 1 (bad 2 3 4 5(good
dimensions result) result)
Scale to inform to what extent the aspect 1 (not at 2 3 4 5(very
describes the company all) much)

The scale and linguistic variables (at the end of the scales) for the
performance in the sustainability dimensions were defined as such to
avoid hedging and help control undesired variability of results, as these
might be the consequence of human perception. For instance, one
company might perceive a 5% reduction in energy consumption as
“good”, another company might perceive it as “very good”. Thus, by not
using the hedged ends the researchers aimed for a less unintendedly
skewed distribution.

2.2.2. Drafting, revising, and troubleshooting the data collection instrument
(survey)

Several rounds of drafting, receiving feedback and revising finalized
the survey. We provide greater detail on the steps followed hereafter.

a. 1st draft. The authors first worked separately to do research and
design the sub-aspects of each of the six aspects, then gathered,
discussed, merged their findings, and made the first draft of the
survey.

b. 2nd draft. After the first draft, three meetings on different days (in
March 2022; each meeting took approximately 1 h) elaborated on
our contributions and discussed the most representative sub-aspects
to use. We also brainstormed how companies would perceive the
questions in the survey and how they could interpret them. At the
end of these three rounds of meetings, we drafted version 2 of the
survey.

c. 3rd draft. The authors met with the project manager (beginning of
April 2022; the meeting lasted approximately 1 h) and discussed the
questions in the survey, considering how the questions would be
perceived and understood by the respondents and how to adapt the
questions to maintain research soundness while keeping the lan-
guage understandable by all potential respondents. After the
meeting, the researchers adapted the questions in the survey,
considering the meeting outcomes. At the end of this round, we
drafted version 3 of the survey.

d. 4th draft. The project manager received version 3 of the survey for
feedback and further insights on making the survey understandable
and easy to answer for all potential respondents. This process
happened twice in this round of revisions. The project manager
received version 3 of the survey (April 8) and provided feedback
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(April 13), and the researchers made changes to the survey (April 19;
3 h-meeting). Following these revisions, the project manager
received the survey (April 19) and provided new feedback and in-
sights (April 28). After that, the researchers drafted version 4 of the
survey.

e. 5th draft. The researchers met with the project manager and project
facilitators (May 2022; the meeting lasted approximately 4 h). Each
project facilitator managed the contact with the companies from a
specific municipality during the project and had extensive knowl-
edge of those companies. The meeting concerned various topics of
the project, including discussing version 4 of the survey. They pro-
vided feedback on content and format, how easy or difficult it was for
the companies to follow the survey and the perceived relevance of
the topics under investigation. After this round, we built version 5 of
the survey. The main contribution of this round was the perceived
need to break down the environmental dimension into the areas on
which the companies had based their projects. Therefore, the
dimension “environmental performance” was broken down into (i)
Environment - logistics and fleet; (ii) Environment - Material consumption
and disposal; (iii) Environment - Visibility of green initiatives; (iv)
Environment - Biodiversity; (v) Environment - Other. The other two
dimensions were named Financial results and Social aspects. After this
meeting, the researchers met again (end of May 2022; the meeting
lasted approximately 2 h) and drafted version 5 of the survey.

f. Final version. We gathered the contact information of 8 companies
that had completed their participation in the project and contacted
them to fill out the survey in a test environment. We also made
ourselves available by phone and E-mail to help them clear up any
doubts and go through the survey with them if needed. After that, the
survey was finalized and sent to all potential respondents (see section
2.4).

In the construction of the data collection instrument, the academic
view was translated into everyday language that individuals who are not
used to academic language and are part of the industrial/commercial
environment would understand easily.

Appendix A presents the survey from the respondents’ view. The
following is an overview of how the questions in the survey relate to the
aspects assessed in this research.

- Questions 1-5: identifying information
- Questions 6-12 — BEFORE the BB2.0 project

o Question 6: sustainability performance

o Question 7: knowledge and competencies

o Question 8: communication

o Question 9: partnerships

o Question 10: strategic setting

0 Question 11: technology and innovation

o Question 12: process and operations management
- Questions 13-19 — AFTER the BB2.0 project

o Question 13: sustainability performance

o Question 14: knowledge and competencies

o Question 15: communication

o Question 16: partnerships

o Question 17: strategic setting

o Question 18: technology and innovation

o Question 19: process and operations management

2.3. Hypothesis formulation

We proposed a series of hypotheses about how the measured aspects
influenced sustainability performance and maturity in SMEs.

From a knowledge and competencies perspective. Companies acknowl-
edge the need to manage resources within planetary boundaries, but the
monetary return on investments in more sustainable practices is still
blurry (Cristoni and Tonelli, 2018). A challenge concerns unveiling the
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path where increased sustainability leads to increased profitability
(Vandenbrande, 2021). Such results and vision might only result from
reaching a certain level of maturity regarding sustainability aspects,
where the different dimensions (environmental, economic, and social)
converge to a balance (Prado et al., 2020). Therefore, SMEs must acquire
knowledge and competencies to achieve greater sustainability maturity.

From a communication perspective. The needs and issues to resolve to
achieve sustainability goals raise questions and requirements to which
stakeholders at the various levels of an organization need to respond
(Vasquez et al., 2021). Such response requires engagement from top
management to shop floor employees and often from partners outside
the organization (Hsu et al., 2017). The company needs to communicate
objectives (Bititci et al., 2015) and sustainability efforts (Prashar, 2019).
SMEs often communicate more simply in smaller, more flexible
communication chains (Richert, 2017).

From a partnership perspective. Aspects such as the relationships and
behavior towards employees (concerning, e.g., labor practices, training,
employee support) (Machado and Carvalho, 2021), customers (con-
cerning, e.g., communication with and support to customer segments),
and society at large (identifying groups that the organization’s activities
might impact) (Chu and Cheung, 2017) influence the sustainability
performance of a company. Therefore, the level of interaction with
different partners (both understanding their needs and receiving sup-
port) can shape a company’s sustainability performance.

From a strategy perspective. Regardless of company size, sustainability
needs to be rooted in the business strategy (Vandenbrande, 2021) to
seep through the various hierarchical levels within an organization
(Swarr et al., 2015). A sustainability-driven strategy provides better
cost-effectiveness, drives innovation (Golinska and Kuebler, 2014), and
helps companies understand how to move forward (Hamidi et al., 2018).
It helps them add resources and capabilities to develop distinctive
competencies that enable them to adapt to changing environments
(Alexander and Martin, 2013; Cristoni and Tonelli, 2018).

From a technology and innovation perspective. SMEs suffer from a few
weaknesses when it comes to administration, including lack of strategic
planning, limited capital, and low level of technology (Shi et al., 2019),
for which they tend to struggle more than their bigger competitors.
SMEs often find it more challenging to adapt to changes and the latest
trends because they must devote proportionally greater efforts in orga-
nizational and financial terms (Brendzel-Skowera, 2021). They need
investments in technology and innovation (Casalino et al., 2014) to
maintain or increase competitiveness (Machado and Carvalho, 2021)
and achieve growth (Vandenbrande, 2021).

From a processes and operations management perspective. Companies
need to meet market requirements (Dutta et al., 2020). Customers de-
mand sustainability, and competitors force companies to improve.
Economy-related actions can help companies (especially SMEs) stay
ahead of future market demands and competitors (Font et al., 2016).
Nonetheless, realizing their strategy requires time and effort devoted to
management and operational activities (Prashar, 2021). Management
systems help organize management and operations besides providing
support to processes (Vasquez et al., 2021) to facilitate compliance with
environmental standards and regulations (Johnstone, 2020) and provide
a solid basis for informed decision-making (Bititci et al., 2015).

Taking into consideration the above, we hypothesize the following.

Hypothesis 1. high level of knowledge and competencies has a posi-
tive influence on the sustainability performance (economic, environ-
mental and social) of an SME.

Hypothesis 2. communication with different stakeholders has a pos-
itive influence on the sustainability performance (economic, environ-
mental, and social) of an SME.

Hypothesis 3. establishing partnerships has a positive influence on
the sustainability performance (economic, environmental and social) of
an SME.
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Table 2
Details of invitations to fill out the survey.
Date Nature and message of contact
01-06- Initial invitation to fill out survey until June 16
2022
09-06- First reminder to fill out the survey by June 16
2022
17-06- First extension of the deadline and reminder to fill out the survey.
2022 Deadline extended until June 23
24-06- Second extension of deadline and reminder to fill out the survey.
2022 Deadline extended until June 30

Hypothesis 4. business strategy (i.e., low cost,' differentiation,” or
focus®) has a positive influence on the sustainability performance
(economic, environmental, and social) of an SME.

Hypothesis 5. investing in technology and innovation has a positive
influence on the sustainability performance (economic, environmental,
and social) of an SME.

Hypothesis 6. dedication to processes and operations management
has a positive influence on the sustainability performance (economic,
environmental and social) of an SME.

Our analysis tests these hypotheses in section 4.

In this research, accepting a hypothesis requires fulfillment of two
criteria: (i) one or more sub-aspects needed to be statistically significant
to explain the sustainability performance of the sample, and (ii) the
aspect is significant (or set of aspects) needed to help explain the per-
formance across the three sustainability dimensions, not for only one or
two.

Furthermore, the difference in sustainability performance,
comparing the BEFORE and AFTER data, results from the actions taken
by the companies. The sustainability projects referred to in this manu-
script (under the Sustainable Bottomline 2.0 project) are responsible for
part of this change. However, other actions taken by the companies
unrelated to these projects might have (and probably did) influenced the
changes in their sustainability performance too. Nonetheless, we cannot
predict how much of the changes were driven by what actions. There-
fore, the projects referred to in this manuscript play a part in driving
changes in sustainability performance but are not solely responsible.

2.4. Data collection

The eligible population of this study concerns eligible companies
participating from beginning to end of the Sustainable Bottomline
Project 2.0 (BB2.0) (Gate 21, 2022). Eligibility concerns (i) having
participated in and completed the BB2.0 project; (ii) providing
up-to-date contact information allowing the researchers to contact the
company. Eligible companies received an e-mail invitation on June 1.
The details of the invitations and reminders can be seen in Table 2.
Respondents accessed the survey (see Appendix A) in Microsoft forms.

28 out of the 74 eligible and invited companies filled out the survey
resulting in a response rate of 37.83%. A sample size of 25 is enough to
identify plausible data patterns in regressions (Jenkins and
Quintana-Ascencio, 2020). The companies invited to participate in this
research filled out the survey providing self-declarations of their per-
formance. This self-declaration is addressed hereon after in this manu-
script as self-assessment. The profile of respondents was the following:
Top-level Manager (68% of respondents), Owner/CEO (18%), Head of

! Strategy in which the organization competes by offering the product with
the lowest cost.

2 Strategy in which the organization competes by offering a unique product,
thus differentiating itself from competitors.

3 Strategy in which the organization offers products that are targeted to
specific market segments.
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Department (14%).
2.5. Statistical treatment of data

Paired t-tests and regression analyses of the data identified which
aspects help explain SMEs’ sustainability performance and maturity.

The survey included two parts. Part one represents the state of their
company before the start of the project (this is the BEFORE data). The
second part concerns data from after project completion (this is the
AFTER data). The BEFORE data focused on the state of their company in
2019, thus before the start of the Covid-19 pandemic. Nonetheless, both
sets of data (BEFORE and AFTER) were collected after the project had
ended.

The paired t-tests identified changes in sustainability performance
and how the companies work (i.e., what they are like according to the
aspects in our framework). Thus, a statistically significant change in the
means (comparing before and after) would indicate a change in the
company.

The regression analyses helped explain the changes seen in the
means. Thus, for instance, if companies report improvement in financial
performance, one could identify what aspects help explain this
improvement.

2.5.1. Paired T-Test

Paired t-tests compared the means of the scores assigned by the
companies to their sustainability performance and the scores assigned to
the aspects. Forty paired t-tests compared the before and after means of
each of the seven sustainability variables (economic, social, and the six
components of the environmental dimension) and the 33 sub-aspects
(see section 3.2).

We selected a 2-tail t-test for paired sample for means with a 95%
confidence level and ran it using Excel (from Microsoft 365 Apps for
enterprise, Excel version 2207). The Supplementary Material includes
the detailed results of these tests.

2.5.2. Regression analysis

Regression analyses were carried out for each of the aspects to
determine whether they can help explain a company’s performance on
the sustainability dimensions. For instance, one analysis checked
whether strategy (Low costs, Differentiation, Focus, and Other) helps
explain the financial results. Then we ran the same analysis for social
and each of the environmental (logistics and fleet, material consumption
and disposal, visibility of green initiatives, Biodiversity, and other)
variables. We did the same for all aspects and sub-aspects for both the
BEFORE and AFTER data. The results of the regression analysis point to
which aspects help explain the sustainability performance in the
different dimensions. Nonetheless, each aspect helps explain only part of
those results and not in their entirety. Therefore, in the results and
discussion sections (4 and 5) we often refer to the aspects as partially
explanatory of the sustainability results.

Before the regression analyses, we conducted correlation analyses
between every two sub-aspects within an aspect to check for collin-
earity. The Supplementary Material shows the detailed results. We
consider sub-aspects correlated 0.8 or more as collinear and isolate such
sub-aspects from one another in the regression analyses. For instance,
for the AFTER data, for the aspect Technology & Innovation, the sub as-
pects Technology and innovation to improve financial performance, Tech-
nology and innovation to improve environmental performance, and
Technology and innovation to improve social performance were all corre-
lated to one another, and only the aspect, Other, was not correlated to
them. Therefore, we ran separate regression analyses for each of the
sustainability variables, as exemplified below.

e Analysis 1: Independent variables: Technology and innovation to
improve financial performance & Other; Dependent variable: Financial
Performance;
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e Analysis 2: Independent variables: Technology and innovation to
improve environmental performance & Other; Dependent variable:
Financial Performance;

e Analysis 3: Independent variables: Technology and innovation to
improve social performance & Other; Dependent variable: Financial
Performance;

We did the same concerning the remaining sustainability variables.
Moreover, we did the same analysis with each of the other aspects with
all sustainability variables, using the BEFORE and AFTER data.

We selected the sub-aspects with a p-value<0.05 for a second iter-
ation, ran a new regression analysis, and rechecked the p-values. When
conducting these analyses, using Excel and a 95% confidence level, the
first iteration provided the p-value for the sub-aspect predicting the
sustainability result. If all sub-aspects had a p-value<0.05, we annotated
the p-values. Otherwise, only the sub-aspects with a p-value<0.05 went
through a third iteration. No analysis needed to go beyond the third
iteration to have only sub-aspects whose statistical significance helped
explain the results of the sustainability variable.

Moreover, we plotted the residuals during these analyses to check for
heteroskedasticity. The Supplementary Material shows the detailed re-
sults of these analyses.

3. Framework for measuring sustainability performance in SMEs
3.1. Dimensions of sustainability performance in SMEs

The assessment included the three dimensions of sustainability (i.e.,
economic, environmental, and social). Nonetheless, as reported in sec-
tion 2.2.2, the framework refinement revealed the need to break down
the environmental dimension into different topics. That was necessary
given the different areas towards which the companies participating in
the BB2.0 project directed efforts. Table 3 presents the final arrangement
of the dimensions considered for building the framework.

3.2. Aspects of sustainability performance in SMEs

3.2.1. Knowledge and competencies

This aspect entails knowledge of aspects permeating the different
dimensions of sustainability. Distinct levels of knowledge will yield
different impacts from corporate sustainability measures. It also refers to
the capabilities to identify, acquire, and manage knowledge, including
capturing, managing, and utilizing valuable data (Els et al., 2020). Lack
of knowledge is a critical barrier for SMEs on the road to improving their
corporate sustainability practices (Murillo-Luna et al., 2011). The
presence and level of knowledge have strong links to the organization’s
absorptive capacity (Heeley, 1997). Thus, the company needs to build
capacity before internalizing knowledge (Salvador et al., 2021a), which
entails building awareness and giving the necessary personnel the re-
sources needed to retain acquired knowledge. Providing training and
sharing through socialization (Vasquez et al., 2021; Foshammer et al.,
2022; Sgberg, 2011) can do this. In that sense, competency gaps are
troublesome because shifting to more sustainable practices requires
overcoming knowledge barriers (Brendzel-Skowera, 2021) by raising

Table 3
Dimensions of sustainability performance.

How dimension/subdimension was communicated to the SMEs in
the survey

Dimension

Financial results

Environment - logistics and fleet

Environment - Material consumption and disposal
Environment - Visibility of green initiatives
Environment - Biodiversity

Environment - Other

Social Social aspects (e.g., quality of working environment)

Economic
Environmental
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awareness and enabling adequate training and communication, as it
usually requires highly qualified staff and knowledge of solutions to
sustainability-related concerns (Brendzel-Skowera, 2021). Brendzel--
Skowera (2021) claims that a lack of knowledge and qualified staff is one
of the main barriers for businesses to implementing more sustainable
practices.

For this study, knowledge, and competencies have been summarized
into eight sub-aspects, and companies can consider to what extent these
approaches characterize their knowledge and competencies.

e Work processes are documented;

The work requires a lot of experience;

The work requires a lot of knowledge;

Involving employees in product/service development and process
improvements;

Involving suppliers in product/service development and process
improvements;

Involving customers in product/service development and process
improvements;

Involving other partners in product/service development and pro-
cess improvements;

e Other.

3.2.2. Communication

Communication embeds the transfer of data, information, or
knowledge between different parties. It can be internal, i.e., among
stakeholders within the organization, or external, i.e., between the or-
ganization and a range of stakeholders outside the organization. Both
internal and external communication plays a significant role in a com-
pany’s corporate sustainability. Communication also needs to be a two-
way channel (McQuail and Windahl, 2015), where the sender sends
information and allows the receiver to provide feedback (Seidel-Sterzik
et al., 2018). Another important aspect of communication is sharing
knowledge. When knowledge is acquired and retained, it needs to be
communicated throughout the organization through different channels
to permeate the diverse levels in the organizational structure. Commu-
nication concerns the engagement of different stakeholders in sustain-
ability practices, thus also being a vital aspect of an organization’s
maturity (Reyes-Rodriguez and Ulhgi, 2022). For this study, we sum-
marize communication into six sub-aspects, and companies can consider
to what extent these approaches define the type of communication they
practice or allow.

Supplier;
Customers;
Competitors;
Neighbor;

The local authority;
Other.

3.2.3. Partnerships

Partnerships include links and collaborations with upstream and
downstream partners in the value chain. These partnerships enable
SME:s to increase their reach by, for instance, providing highly special-
ized services and products to larger companies who tend to focus on
more general demands (Els et al., 2020). Partners can also be research
and education-based organizations (Collier et al., 2016), and trans-
disciplinary partnerships are needed for a more sustainable conduct
(Plummer et al., 2022). Partnerships often allow both (or all) partners to
mutually reach their own goals (Els et al., 2020). This study summarizes
partnerships into six sub-aspects, and companies can consider to what
extent these approaches define the type of partnership they practice.

e Supplier;
e Customers;
e University/research institutions;
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e Public organizations;
e Non-governmental/non-profit organization (NGO);
e Other.

3.2.4. Strategic setting

Plenty of evidence in the literature suggests that corporate sustain-
ability, or ESG, needs a strategy to be realized (e.g., Saunila et al., 2019),
especially for SMEs (Falle et al., 2016) with companies either being
aware or not that they are setting a strategy (Ortiz-Martinez and Mar-
in-Hernandez, 2022). The strategy establishes targets and goals to move
the organization in a particular direction (Els et al., 2020). The strategy
includes the mission, vision, values, and goals of an organization
(Vandenbrande, 2021), how management uses organizational resources
to realize the mission, vision, etc., and how it responds to the stimuli and
changes within the environment in which the company is (Irimias and
Mitev, 2020). This study summarizes the strategic setting into four
sub-aspects, and companies can consider how these approaches char-
acterize their strategic setting.

e Low costs (competitive prices);

o Differentiation (focus on unique products/services);
e Focus (segmentation, focusing on niche markets);

e Other.

3.2.5. Technology & innovation

This aspect refers to using technology such as physical devices and
structures or knowledge and action, mainly regarding innovation, to
help achieve sustainability goals. One of the most often addressed sub-
jects currently involves the use and exploration of Industry 4.0, in the
form of digitization and digital technologies (Irimias and Mitev, 2020)
or smart systems (Hamidi et al., 2018). Up-to-date technological ad-
vancements (Irimias and Mitev, 2020), as well as innovation and crea-
tivity (Souto, 2021), can have a major impact on several aspects of
sustainability. Those can, for instance, enable the establishment of more
resource-efficient processes (Seidel-Sterzik et al., 2018), allow more
intelligent and effective monitoring systems (Fatima et al., 2021), which
provide insights on behavior and help identify various forms of waste
(Seele and Lock, 2017), and allow better communication (Swarr et al.,
2015).

This study summarizes the efforts/resources devoted to technology
and innovation into three sub-aspects, and companies can consider to
what extent these approaches characterize the time and effort dedicated
to technology and innovation.

e Technology and innovation to improve financial performance;

e Technology and innovation to improve environmental performance;
e Technology and innovation to improve social performance;

e Other.

3.2.6. Process and operations management

Process and operations management refers to the means used by the
company to transform inputs into outputs, i.e., the processes which a
resource or set of resources go through and the specific singular oper-
ation or set of operations that take place in the different processes. These
activities help fulfill the company’s objectives (Els et al., 2020) by
realizing the overall strategy. Companies can, for instance, integrate
specific (e.g., environmental) objectives into the quality and operational
objectives (Sundstrom et al., 2019; Vandenbrande, 2021) when plan-
ning process improvement. Often, quality management-related actions
such as using Total Quality Management (TQM) or Six Sigma programs
(Vandenbrande, 2021) include goals that encompass environmental
concerns.

This study summarizes the efforts/resources devoted to process and
operations management into five sub-aspects, and companies can
consider to what extent these approaches characterize the time and
effort dedicated by them related to process and operations management.
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Commercial and marketing activities;
Management activities;

Operational activities;

Development activities;

Other.

4. Results
4.1. Analysis of means

Table 4 summarizes the results of the paired t-test to check for the
change in means of the sustainability performance scores and the
representativeness of sub-aspects with the sample. Table 4 highlights
with green color the variables and aspects that change in the score
considering a 95% confidence interval. The t critical two-tail is 2.0518.
Thus, if t Stat > t critical two-tail, then the AFTER mean is significantly
lower than the BEFORE mean, and if t Stat<(—)t critical two-tail, then
the AFTER mean is significantly higher than the BEFORE mean.

Table 4 shows that neither economic nor social performance shows a
statistically significant change. It should be noted that the assessment
shows whether there has been a significant change in the scores across
all companies. This change could take place either by big changes in a
few companies or smaller changes in a big number of the analyzed
companies.

On the environmental dimension, the scores for material consumption
and disposal, visibility of green initiatives, and Biodiversity have improved,
while logistics and fleet, and other environmental aspects have remained
the same.

Regarding knowledge and competencies, the results suggest in-
creases in documentation of work processes (thus, greater formalization)
and more involvement of employees, suppliers, and customers in product/
service development and process improvements.

Regarding communication, the results suggest increased communi-
cation with the local authority, universities/research institutions, and public
organizations, but not with suppliers, customers, NGOs, or other partners.

The results do not suggest changes in the strategic setting have taken
place.

The results suggest that Investments and efforts towards the imple-
mentation of technology and innovation improved financial and social
performance, but especially improving environmental performance.

Concerning managing processes and operations, the results suggest
increases for commercial and marketing activities and development activ-
ities, whereas management, operational, and other activities remained
virtually unchanged.

Overall, one can see that if there was a change in the sustainability
performance and in the representativeness of a sub-aspect in how a
company is structured, then the change has made the sustainability-
related effect more accentuated after the project, since no lower scores
(with statistical significance) have been noted. In a nutshell, if there
were changes, they were for the better.

4.2. Regression analysis

The regression analyses show how much a sub-aspect helps explain
the results of a sustainability variable. Tables 5 and 6 summarize the
results of the regression analyses for BEFORE and AFTER data, respec-
tively, and show the p-values for the statistically significant sub-aspects
in the regression analysis. The Supplementary Material further elabo-
rates the details of the regression analyses. The analysis ID helps identify
the tabs in the Supplementary Material.

Table 7 also shows the regression coefficients for the sub-aspects
whose analysis yielded statistical significance. Tables 5 and 6 show
the results for the same sub-aspects. In paragraphs 4.2.1-4.2.3 changes
in the three areas of sustainability performance (economic, environ-
mental and social) are summarized.
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Table 4
Comparison of means — paired t-test at 95% confidence intervals.
Variable/ . P(T<=t) two- Mean Mean
aspect Subvariable/ subaspect tail (BEFORE) (AFTER)
Economic Financial results 0.9117 3.3214 3.3571
Environment - logistics 0.8847 26429 26786
and fleet

Environmental

Environment - Material
consumption and disposal

Environment - Visibility of
green initiatives

Environment - Biodiversity

Environment - Other

Social

Social aspects (e.g.,
quality of working
environment)

0.4350 2.8929 3.1429

Knowledge and
Competencies

Work processes are
documented

The work requires a lot of
experience

0.8134 3.1429 3.1071

The work requires a lot of
knowledge

0.5369 3.1071 3.1786

Involving employees in
product / service
development and process
improvements

Involving suppliers in
product / service
development and process
improvements

Involving customers in
product / service
development and process
improvements

Involving other partners in
product / service

Partnerships

development and process 0.1233 21071 2.5357
improvements
Other 0.5868 0.8929 0.7857
Supplier 0.8514 3.6429 3.6786
Customers 0.0696 3.3214 3.7143
Communication Competitors 0.0710 2.1071 2.4286
Neighbor 0.3753 2.0000 2.2143
The local authority | ooffo]  23571[ 30714
Other 0.6021 0.6786 0.7500
Supplier 0.2064 2.7500 2.9643
Customers 0.1058 2.3929 2.7500

University / research
institutions

Public organizations

Non-governmental / non-

profit organization (NGO) 0.1330 1.4643 1.7500
Other 0.5732 0.7857 0.8929
Low costs 0.3807 3.5714 3.7143
Strategic Differentiation 0.2832 3.8214 4.0000
setting Focus 0.1997 2.6786 2.9643
Other 0.5732 0.6429 0.6071
Technology and
innovation to improve
financial performance
Technology and
innovation to improve
Technolqu & environmental P
Innovation

performance

Technology and
innovation to improve
social performance

Other

0.5868 0.7500 0.6429

Process and
Operations
Management

Commercial and
marketing activities

Management activities

Operational activities

Development activities

Other

Legend: green indicates statistical significance at a 95% confidence level
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Table 5

P-values that indicate statistical significance in regression - BEFORE.
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Analysis
D

Independent variables

Dependent variable/p-value

1. 2.
Financial
results

Environment -
logistics and
fleet

3. 4. 5.
Environment -
Material
consumption
and disposal

Environment -
Visibility of
green
initiatives

Environment -
Biodiversity

6.

Environment

- Other

7. Social
aspects (e.g.,
quality of
working
environment)

1.1 Knowledge and
Competencies

1.2 Communication

1.3 Partnerships

1.4 Strategic setting

1.5 Technology &
Innovation

Work processes
are documented
The work requires
a lot of experience
The work requires
alot of knowledge
Involving
employees in
product/service
development and
process
improvements
Involving
suppliers in
product/service
development and
process
improvements
Involving
customers in
product/service
development and
process
improvements
Involving other
partners in
product/service
development and
process
improvements
Other

Supplier
Customers
Competitors
Neighbor

The local
authority

Other

Supplier
Customers
University/
research
institutions
Public
organizations
Non-
governmental/
non-profit
organization
(NGO)

Other

Low costs
Differentiation
Focus

Other
Technology and
innovation to
improve financial
performance
Technology and
innovation to
improve
environmental
performance
Technology and
innovation to
improve social
performance
Other

0.0238*

0.0433*

0.0015* 0.0001*

0.0042*

0.0195*

0.0001*

0.0031*

0.0006* 0.0042*

0.0013*

0.0279*

0.0451*

0.0064*

0.0092*

0.0365*

0.0177*

0.0139*
0.0121*

(continued on next page)
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Table 5 (continued)
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Analysis Independent variables Dependent variable/p-value
ID R
1. 2. 3. 4. 5. 6. 7. Social
Financial Environment - Environment - Environment - Environment -  Environment aspects (e.g.,
results logistics and Material Visibility of Biodiversity - Other quality of
fleet consumption green working
and disposal initiatives environment)
1.6 Process and Commercial and
Operations marketing
Management activities
Management 0.0024* 0.0159*
activities
Operational
activities
Development
activities
Other

Legend: * 2nd iteration. ** 3rd iteration.

4.2.1. Economic sustainability

BEFORE the project, financial results were explained by involving
suppliers in product/service development and process improvements (p =
0.0433, see Table 5) and communicating with customers (p = 0.0015, see
Table 5). In contrast, AFTER the project, those forces were no longer
relevant to explain the companies’ financial results. Instead, partnerships
with customers (p = 0.0017, see Table 6), investing in technology and
innovation to improve financial, environmental, and social performance (p
=0.0076, 0.0002, and 0.0012, respectively, see Table 6), and dedicating
efforts to management activities (p = 0.0004, see Table 6) predicted a
company’s financial results.

4.2.2. Environmental sustainability
BEFORE the project, environmental performance related to logistics
and fleet was partially explained by.

e Work required experience (p = 0.0238, see Table 5)
e The communication with customers (p = 0.0001, see Table 5)
e Communication with neighbors (p = 0.0042, see Table 5)

AFTER the project, partnerships with customers (p = 0.00085, see
Table 6) and investments in technology and innovation to improve financial
performance (p = 0.0286, see Table 6) predicted a company’s perfor-
mance on logistics and fleet.

BEFORE the project, environmental performance related to material
consumption and disposal was partially explained by communication with
competitors (p = 0.0001, see Table 5), setting strategy based on market
segmentation (focus) (p = 0.0031, see Table 5), and investment in tech-
nology and innovation to improve social performance (p = 0.0013, see
Table 5) partially explained. AFTER the project, that changed to
communication with customers (p = 0.0013, see Table 6) and investment in
technology and innovation to improve environmental performance (p =
0.0215, see Table 6).

BEFORE the project, environmental performance related to the vis-
ibility of green initiatives was partially explained by investment in tech-
nology and innovation to improve environmental performance (p = 0.0006,
see Table 5), and time and effort spent on management activities (p =
0.0024, see Table 5), . AFTER the project, what became relevant to
explain these results was how much customers are involved in product/
service development and process improvements (p = 0.0061, see Table 6),
communication with customers (p = 0.0002, see Table 6), partnerships with
suppliers (p = 0.0145, see Table 6) and customers (p = 0.0017, see Table 6)
and university/research institutions, investment in technology and innovation
to improve social performance (p = 0.0351, see Table 6), and time and
effort spent on commercial and marketing activities (p = 0.0360, see
Table 6).

BEFORE the project, environmental performance related to Biodi-
versity was partially explained by how much customers were involved in
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product/service development and process improvements (p = 0.0195, see
Table 5), investments in technology and innovation to improve environ-
mental performance (p = 0.0042, see Table 5) and for Other (p = 0.0279,
see Table 5) purposes, and time and effort spent on management activities
(p = 0.0159, see Table 5). AFTER the project, communication (p =
0.0131, see Table 6) and partnerships (p = 0.0063, see Table 6) with
customers and investments in technology and innovation to improve envi-
ronmental performance (p = 0.0314, see Table 6) became relevant.
BEFORE the project, Environmental performance related to other
aspects was partially explained by General (other) aspects of communi-
cation (p = 0.0451, see Table 5), partnerships with customers (p = 0.0064,
see Table 5), having a segmentation (focus) strategy (p = 0.0092, see
Table 5), investing in technology and innovation to improve environmental
performance (p = 0.0365, see Table 5), and for Other (p = 0.0177, see
Table 5) purposes. AFTER the project, only the communication with
customers (p = 0.0017, see Table 6) was statistically significant.

4.2.3. Social sustainability

BEFORE the project, social sustainability was partially explained by
Partnerships with suppliers (p = 0.0139, see Table 5) and customers (p =
0.0121, see Table 6). AFTER the project, it was partially explained by
partnerships with customers (p = 0.0002, see Table 6), having a segmen-
tation (focus) strategy (p = 0.0016, see Table 6), investing in technology
and innovation to improve financial, environmental, and social performance
(p = 0.0056, 0.0155, and 0.0012, respectively, see Table 6), and time
and effort dedicated to commercial and marketing activities (p = 0.0001,
see Table 6).

Overall, one can see that only the variables Biodiversity (partially
explained by investment in technology and innovation to improve environ-
mental performance) and Social aspects (partially explained by partner-
ships with customers) remained partially explained by some of the same
variables AFTER the Project.

5. Discussion: where to focus sustainability efforts

We assume that the changes in the means of the sub aspects help
explain the changes in the means of the sustainability performance (for
the seven sub-variables). This section dwells on which sub-aspects (with
statistically significant changes) help explain the companies’ sustain-
ability performance and maturity after the deployment of sustainability-
driven efforts.

Regarding knowledge and competencies, the sub-aspect work pro-
cesses are documented was not statistically significant in helping to
explain the performance on any of the sustainability variables. The same
applies to the sub-aspects involving employees in product/service develop-
ment and process improvements and involving suppliers in product/service
development and process improvements. However, involving customers in
product/service development and process improvements was deemed
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Table 6

P-values that indicate statistical significance in regression — AFTER.
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Analysis
D

Independent variables

Dependent variable/p-value

1. 2. 3.
Financial
results

Environment - Environment -

logistics and Material

fleet consumption
and disposal

4.
Environment -
Visibility of
green
initiatives

5.
Environment -
Biodiversity

6. 7. Social

Environment aspects (e.g.,

- Other quality of
working
environment)

2.1

2.2

2.3

2.4

2.5

Knowledge and
Competencies

Communication

Partnerships

Strategic setting

Technology &
Innovation

Work processes
are documented
The work requires
a lot of experience
The work requires
alot of knowledge
Involving
employees in
product/service
development and
process
improvements
Involving
suppliers in
product/service
development and
process
improvements
Involving
customers in
product/service
development and
process
improvements
Involving other
partners in
product/service
development and
process
improvements
Other

Supplier
Customers
Competitors
Neighbor

The local
authority

Other

Supplier
Customers
University/
research
institutions
Public
organizations
Non-
governmental/
non-profit
organization
(NGO)

Other

Low costs
Differentiation
Focus

Other
Technology and
innovation to
improve financial
performance
Technology and
innovation to
improve
environmental
performance
Technology and
innovation to
improve social
performance
Other

0.0013*

0.0017* 0.0085*

0.0076* 0.0286*

0.0002* 0.0215*

0.0012*
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0.0061*

0.0002*

0.0145*
0.0017*

0.0351*

0.0131*

0.0063*

0.0314*

0.0017*

0.0002**

0.0016*

0.0056*

0.0155*

0.0012*

(continued on next page)
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Table 6 (continued)
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Analysis Independent variables Dependent variable/p-value
ID R
1. 2. 3. 4. 5. 6. 7. Social
Financial Environment - Environment - Environment - Environment -  Environment aspects (e.g.,
results logistics and Material Visibility of Biodiversity - Other quality of
fleet consumption green working
and disposal initiatives environment)
2.6 Process and Commercial and 0.0360* 0.0001**
Operations marketing
Management activities
Management 0.0004*
activities
Operational
activities
Development
activities
Other

Legend: * 2nd iteration. ** 3rd iteration.

statistically significant for partially explaining the performance on vis-
ibility of green initiatives.

The results render hypothesis 1: high level of knowledge and com-
petencies has a positive influence on the sustainability performance
(economic, environmental, and social) of an SME, false. Even though the
coefficient for the sub-aspect of knowledge and competencies in Table 7
is positive, only one sub-aspect is significant, and it only affects one sub-
variable in the environmental dimension.

Regarding communication, one can see that there has been an in-
crease in the communication with the local authority. However, this sub-
aspect does not help explain or predict the performance on any sus-
tainability aspect. Instead, the communication with customers explains
sustainability performance but no changes (average performance) were
noted in this aspect. This renders hypothesis 2 false. (hypothesis 2:
communication with different stakeholders has a positive influence on
the sustainability performance (economic, environmental, and social) of
an SME). Even though the regression coefficients for the sub-aspect of
communication in Table 7 are positive, only one sub-aspect is signifi-
cant, affecting only the environmental dimension.

Regarding partnerships, the companies seem to have engaged more
with universities/research institutions and public organizations. Nonethe-
less, these have not proven statistically relevant in explaining the
companies’ sustainability performance. Instead, if the companies want
to invest in partnerships to help explain/predict their sustainability
performance, they should engage primarily in partnerships with cus-
tomers and suppliers. The results render partially true and partially false
hypothesis 3: establishing partnerships has a positive influence on the
sustainability performance (economic, environmental, and social) of an
SME. Partnerships with suppliers influence negatively (see Table 7) the
performance on the visibility of green initiatives (environmental
dimension). However, partnerships with customers influence positively
(see Table 7) the performance on all the three dimensions of sustain-
ability, i.e., financial, environmental, and social.

Regarding the strategic setting, the research revealed no significant
changes. Nonetheless, if companies want to improve their performance
in social aspects, they should have a market segmentation (focus) strategy.
This renders false hypothesis 4: low cost, differentiation, or focus as a
business strategy has a positive influence on the sustainability perfor-
mance (economic, environmental, and social) of an SME. Even though
the coefficient for the sub-aspect of the strategic setting in Table 7 is
positive, only one sub-aspect is significant, and it affects only the social
dimension.

Regarding investments in technology and innovation, this is where
we see the most significant change when comparing AFTER the project
to BEFORE the project. These investments help explain/predict the
companies’ performance across the three dimensions of sustainability.
This renders true hypothesis 5: investing in technology and innovation
has a positive influence on the level of sustainability performance
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(economic, environmental, and social) of an SME. The different sub-
aspects of technology and innovation influence positively influence
(see Table 7) the performance on the three sustainability dimensions.

Regarding process and operations management, commercial and
marketing and development activities have seen significant changes.
Commercial and marketing activities have been identified as significant to
help explain/predict sustainability performance, whereas development
activities have not. Moreover, management activities have also been
identified as significant in explaining/predicting sustainability perfor-
mance. This renders true hypothesis 6: dedication to processes and op-
erations management has a positive influence on the sustainability
performance (economic, environmental, and social) of an SME. The
different sub-aspects of process and operations management positively
influence (see Table 7) the performance on the three sustainability
dimensions.

6. Discussion: how our results compare to the existing literature

Our findings suggest that sustainability is built in many forms and
from many angles. SMEs are the backbone of many countries (Vasquez
et al., 2021). However, they often lack the strategies and motivations
that allow them to mitigate the adverse effects of their products and
operations, thus having a low level of maturity towards sustainability
(Vasquez et al., 2021). Sustainability often stays functionally isolated
while the focus of the business remains on gaining capital efficiency
(Chu and Cheung, 2017), hence the need to integrate sustainability
throughout the organization. Our research suggests that organizational
activities previously not often dealt with in the literature in relation to
sustainability performance, such as commercial and marketing activ-
ities, can still influence it.

In the existing literature, it has been discussed that SMEs do not al-
ways have the resources necessary to realize changes for reasons such as
production schedules, or pressing competitive priorities (Swarr et al.,
2015), hence the support of partners can be important to overcome such
inertia (Akande et al., 2016). Our findings are in line with the relevance
of this support, since many different partnerships predict sustainability
performance. However, the particular interactions necessary along the
supply chain are still insufficiently examined (Kot, 2018), and knowl-
edge of these is important as enterprises often require connections to
stakeholders, being hardly ever self-dependent (Zhou et al., 2023).

Social sustainability is often the last of the dimensions in the spot-
light for business action. Our research shows that partnerships with
customers can drive sustainability performance in all dimensions,
including social. From within the company, Chu and Cheung, (2017)
state that employees sometimes might not be aware that sustainability
can be addressed by, e.g., caring for the well-being of employees and
enabling a better work-life balance. Moreover, employee engagement
can be a key enabler in improvement strategies (e.g., waste reduction,
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Table 7

Regression coefficients for sub aspects with statistical significance - AFTER.
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Analysis
D

Independent variables

Dependent variable/coefficient in regression

1. 2. 3.
Financial
results

Environment - Environment -

logistics and Material

fleet consumption
and disposal

4.
Environment -
Visibility of
green
initiatives

5.
Environment -
Biodiversity

6. 7. Social

Environment aspects (e.g.,

- Other quality of
working
environment)

2.1

2.2

2.3

2.4

2.5

Knowledge and
Competencies

Communication

Partnerships

Strategic setting

Technology &
Innovation

Work processes
are documented
The work requires
a lot of experience
The work requires
alot of knowledge
Involving
employees in
product/service
development and
process
improvements
Involving
suppliers in
product/service
development and
process
improvements
Involving
customers in
product/service
development and
process
improvements
Involving other
partners in
product/service
development and
process
improvements
Other

Supplier
Customers
Competitors
Neighbor

The local
authority

Other

Supplier
Customers
University/
research
institutions
Public
organizations
Non-
governmental/
non-profit
organization
(NGO)

Other

Low costs
Differentiation
Focus

Other
Technology and
innovation to
improve financial
performance
Technology and
innovation to
improve
environmental
performance
Technology and
innovation to
improve social
performance
Other

0.4144

0.5143 0.4041

0.5448 0.4172

0.6182 0.2364

0.5756

13

0.5483

0.8063

—0.5983
0.7311

0.3902

0.6937

0.5429

0.4636

0.9774

0.6204

0.5096

0.5897

0.4545

0.6049

(continued on next page)
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Table 7 (continued)
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Analysis Independent variables Dependent variable/coefficient in regression
ID R
1. 2. 3. 4. 5. 6. 7. Social
Financial Environment - Environment - Environment - Environment -  Environment aspects (e.g.,
results logistics and Material Visibility of Biodiversity - Other quality of
fleet consumption green working
and disposal initiatives environment)
2.6 Process and Commercial and 0.376 0.6606
Operations marketing
Management activities
Management 0.5682
activities
Operational
activities
Development
activities
Other

energy saving) (Chu and Cheung, 2017). It has also been argued else-
where (Kot, 2018) that SMEs hold greater potential to make changes in
the social dimension compared to larger companies. The present study
suggests that even investments in technology and innovation to improve
financial and environmental performance might help increase perfor-
mance on social sustainability (see Table 7).

Measuring performance and maturity play a pivotal role in bridging
the gap between knowledge and implementing more sustainable prac-
tices (Fatima et al., 2021). Performance and maturity measurement help
build and maintain mature governance, in which standards, norms,
laws, and projects comply with ethical ideals, contemporary social (Del
Baldo, 2017), and environmental (Salvador et al., 2021b) expectations.

Although methods for assessing and controlling sustainability exist,
such as strategies within corporate sustainability, they are often not
applicable for SMEs. SMEs often lack the knowledge, capability, and
infrastructure to adapt to these methods, models, and frameworks
(Golinska and Kuebler, 2014), especially in relation to their supply chain
structure (Nurchayati et al., 2020). Moreover, it can vary significantly in
different economies (Kot et al., 2020). The framework built in this paper
measures SMEs’ sustainability performance and maturity is easy to un-
derstand, and SMEs can assess themselves.

7. Concluding remarks
7.1. Main conclusions

All aspects identified in our framework somehow explain the sus-
tainability performance of the companies in our specific sample, with
different sub-aspects contributing specifically to each sustainability
dimension. Based on our analysis, identifying what subaspects
contribute to explaining the sustainability performance of an SME, a few
recommendations can be made to SMEs in order to improve their sus-
tainability performance. These recommendations can be seen in Table 8.

We built the six listed aspects in ways allowing SMEs to self-assess
their sustainability. The process of synthesizing the aspects also
considered the possibility of SMEs to express their performance and
maturity within their possible limits. That is, the maturity of each or-
ganization is not comparable to another’s, since they have distinct, e.g.,
structures, strategies, and customers.

The recommendations state which aspects companies should invest
time and money in to make significant efforts to improve their sus-
tainability performance and maturity. Nonetheless, this does not imply
that the remaining aspects do not play a part in the company’s sus-
tainability performance and, therefore, should not be considered. We do
not draw recommendations for which aspects should not receive effort,
as it falls outside the scope of our study.

The main contributions of this study, and thus its pros, lie in its very
novelty, bringing to light the aspects within the management of SMEs
that contribute to explaining their sustainability performance, and thus
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Table 8
Main aspects influencing sustainability performance.

Aspects which companies should
deploy efforts in

What efforts should be deployed

Knowledge and competencies Involving customers in product/service
development

Process improvements

Communication

Partnerships

Engaging with customers
Engaging with customers
Engaging with suppliers
Strategic setting Investing in segmentation
Technology and innovation Investing in technology and innovation to
improve financial performance

Investing in technology and innovation to
improve environmental performance
Investing in technology and innovation to
improve social performance

Dedicating time and effort to commercial and
marketing activities

Dedicating time and effort to management
activities

Process and operations
management

can be used to guide improvements.

7.2. Limitations

This research has limitations. The framework proposed to collect
information on sustainability performance and the aspects that influ-
ence it was based on the literature review and the specific interactions
with different stakeholders of the Sustainability Bottomline 2.0 Project,
both presented in section 2 of this manuscript. Thus, different experi-
ences and interactions with different stakeholders from a different
project would have likely yielded a somewhat different framework. We
believe the framework to be generic enough (and we tried to keep it as
so) to apply to any company or set of companies. The data in this
research originates from self-assessments and has not gone through
third-party verification. Another limitation is that our research collected
data on the companies’ sustainability performance BEFORE and AFTER
an individual project as part of a larger collective project (Sustainable
Bottomline 2.0). Although some actions derived from the Sustainable
Bottomline 2.0 project drive (but are not solely responsible) differences
in sustainability performance, other actions taken by the companies,
which were not related to that project, might have (and likely did)
influenced changes in their sustainability performance, too. It should
also be noted that the measurements made in this research might not be
assessing the usual behavior of the participating companies, but the
impact of the BB2.0 project in their journey. We do, however, highlight
that the research results show that changes in the aspects pointed out
can drive changes in their sustainability performance.

Furthermore, we do not claim that the effects observed in our sample
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of 28 SMES, within an eligible population of 79 (see section 2.4) will be
observed in any other SME. The claims we make here are limited to our
sample and population, and we believe our sample to be representative
(37.83%). We argue, nonetheless, that the effects observed in our study
can serve as a proxy to help explain sustainability performance of SMEs
in other contexts.

7.3. Suggestions for future and further research

Suggestions for further research begin by stating that the limitations
presented in the previous section could be the subject of new studies, in
order to identify whether they can be overcome. Some of which
potentially include: increasing sample size, isolating variables to assess
their individual contribution.

Moreover, the analyses conducted here can only explain so much and
might not have accounted for synergies among the different aspects,
which our models and methods did not capture. For instance, changes in
a set of aspects that did not appear to be statistically significant might
have jointly influenced the results of one specific variable, which when
analyzed alone might have proven to be statistically significant. More-
over, even the aspects accounted for in this research might have acted
together and hindered or boosted one another’s performance (e.g.,
communication with suppliers and communication with customers if
happening separately might each contribute to increase the company’s
performance by 10%, but if happening at the same time might have a
combined result of 30%). We leave exploring these relationships for
future research.

In order to reach greater detail of analysis, one could break down the
financial and social sustainability dimensions into sub-aspects, like it
was done for the environmental dimension in this study. Such a break-
down might be inspired by the sub-aspects in the reporting scheme of
the Global Reporting Initiative (Global Reporting Initiative, 2022).

Something else that is worth to be further explored is the implica-
tions of the changes made by the companies that allowed their perfor-
mance to change. In this research we could identify aspects that helped
explain SMEs’ sustainability performance BEFORE and AFTER carrying
out a project. An analysis of what changes took place (what tasks, ac-
tivities, managerial actions) in the different companies has not been
done.

Future research could also use our framework to assess sustainability
performance and to investigate what aspects of companies can be used
to explain their sustainability performance. These results could be
compared to the ones in this manuscript to check if future research
observes the same behavior. Furthermore, we encourage the framework
to be used with start-ups and larger companies to check whether the
aspects in the framework are enough to help describe these types of
companies. We also welcome other researchers and practitioners to
tailor further and develop the framework we have established and used
in this manuscript.

CRediT authorship contribution statement

Rodrigo Salvador: Conceptualization, Methodology, Formal anal-
ysis, Investigation, Data curation, Writing — original draft, Writing —
review & editing. Peder Veng Sgberg: Conceptualization, Methodol-
ogy, Investigation, Writing — review & editing. Michael Sggaard
Jorgensen: Methodology, Writing — review & editing. Lise-Lotte
Schmidt-Kallesge: Methodology, Writing — review & editing. Samuel
Briining Larsen: Conceptualization, Investigation, Writing — original
draft, Writing — review & editing, Funding acquisition.

Declaration of competing interest
The authors declare that they have no known competing financial

interests or personal relationships that could have appeared to influence
the work reported in this paper.

15

Journal of Cleaner Production 419 (2023) 138248
Data availability
The authors do not have permission to share data.
Acknowledgments

This study was financially supported by the European Regional
Development Fund (ERDF) and The Capital Region of Denmark under
the project “Baeredygtig Bundlinje 2.0” journal number RFH-18-0022.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jclepro.2023.138248.

References

Akande, O.R., Abu, O., Obekpa, H.O., 2016. Microfinance organizations in Africa: the
challenge of transforming into regulated organizations. In: Entrepreneurship and
SME Management across Africa. Springer, Singapore, pp. 67-86. https://doi.org/
10.1007/978-981-10-1727-8_5.

Alexander, A.T., Martin, D.P., 2013. Intermediaries for open innovation: a competence-
based comparison of knowledge transfer offices practices. Technol. Forecast. Soc.
Change 80 (1), 38-49. https://doi.org/10.1016/j.techfore.2012.07.013.

Baldo, M.D., 2017. Authenticity: is corporate social responsibility the key to overcoming
crisis? Corporate Social Responsibility in Times of Crisis 35-58. https://doi.org/
10.1007/978-3-319-39089-5_3.

Barros, M.V., Salvador, R., do Prado, G.F., de Francisco, A.C., Piekarski, C.M., 2021.
Circular economy as a driver to sustainable businesses. Cleaner Environmental
Systems 2, 100006. https://doi.org/10.1016/j.cesys.2020.100006.

Bititci, U.S., Garengo, P., Ates, A., Nudurupati, S.S., 2015. Value of maturity models in
performance measurement. Int. J. Prod. Res. 53 (10), 3062-3085. https://doi.org/
10.1080/00207543.2014.970709.

Brendzel-Skowera, K., 2021. Circular economy business models in the SME sector.
Sustainability 13 (13), 7059. https://doi.org/10.3390/su13137059.

Casalino, N., Ivanov, S., Nenov, T., 2014. Innovation’s governance and investments for
enhancing competitiveness of manufacturing SMEs. Law and Economics Yearly
Review Journal 3 (1), 72-97.

Chu, K.W., Cheung, L.L., 2017. Barriers to sustainable practices of small health-care
Facilities: a case study of a Physiotherapy Centre in Hong Kong. Sustain. J. Rec. 10
(6), 352-358. https://doi.org/10.1089/sus.2017.0017.

Collier, M., Connop, S., Corcoran, A., Crowe, P., Nedovi¢-Budi¢, Z., Pichler-Milanovi¢, N.,
Rijavec, R., Sinclair, J., Vandergert, P., Varghese, J., 2016. European university-
community partnership-based research on urban sustainability and resilience. Curr.
Opin. Environ. Sustain. 23, 79-84. https://doi.org/10.1016/j.cosust.2016.12.001.

Cristoni, N., Tonelli, M., 2018. Perceptions of firms participating in a circular economy.
Eur. J. Sustain. Dev. 7 (4), 105. https://doi.org/10.14207/ejsd.2018.v7n4p105, 105.

Dutta, G., Kumar, R., Sindhwani, R., Singh, R.K., 2020. Digital transformation priorities
of India’s discrete manufacturing SMEs—a conceptual study in perspective of Industry
4.0. Compet. Rev.: An International Business Journal. https://doi.org/10.1108/CR-
03-2019-0031.

Els, C., Grobbelaar, S., Kennon, D., 2020. Complementary partnerships for SMEs: a
relational capability maturity model from an ecosystem perspective. Responsible
Design, Implementation and Use of Information and Communication Technology 67,
12066. https://doi.org/10.1007/978-3-030-44999-5 6.

European Commission, 2020. Unleashing the Full Potential of SMEs: beyond Financing.
EC, Brussels, Belgium.

Eurostat, 2022. Small and Medium-Sized Enterprises (SMEs). https://ec.europa.eu/eur
ostat/web/structural-business-statistics/information-on-data/small-and-medium-s
ized-enterprises. (Accessed 13 June 2023).

Falle, S., Rauter, R., Engert, S., Baumgartner, R.J., 2016. Sustainability management with
the sustainability balanced scorecard in SMEs: findings from an Austrian case study.
Sustainability 8 (6), 545. https://doi.org/10.3390/5u8060545.

Fatima, Z., Oksman, V., Lahdelma, R., 2021. Enabling small medium enterprises (SMEs)
to become leaders in energy efficiency using a continuous maturity matrix.
Sustainability 13 (18), 10108. https://doi.org/10.3390/sul131810108.

Font, X., Garay, L., Jones, S., 2016. Sustainability motivations and practices in small
tourism enterprises in European protected areas. J. Clean. Prod. 137, 1439-1448.
https://doi.org/10.1016/j.jclepro.2014.01.071.

Foshammer, J, Sgberg, PV, Helo, P, et al., 2022. Identification of aftermarket and legacy
parts suitable for additive manufacturing: a knowledge management-based
approach. Int. J. Prod. Econ. 253, 108573. https://doi.org/10.1016/j.ijpe.2022.10
8573.

Gate 21, 2022. Sustainable Bottom Line 2.0. https://www.gate21.dk/baeredygtig-bun
dlinje-2/.

Global Reporting Initiative, 2022. GRI Standards by Language. https://www.glob
alreporting.org/standards/download-the-standards/.

Golinska, P., Kuebler, F., 2014. The method for assessment of the sustainability maturity
in remanufacturing companies. Procedia Cirp 15, 201-206. https://doi.org/
10.1016/j.procir.2014.06.018.


https://doi.org/10.1016/j.jclepro.2023.138248
https://doi.org/10.1016/j.jclepro.2023.138248
https://doi.org/10.1007/978-981-10-1727-8_5
https://doi.org/10.1007/978-981-10-1727-8_5
https://doi.org/10.1016/j.techfore.2012.07.013
https://doi.org/10.1007/978-3-319-39089-5_3
https://doi.org/10.1007/978-3-319-39089-5_3
https://doi.org/10.1016/j.cesys.2020.100006
https://doi.org/10.1080/00207543.2014.970709
https://doi.org/10.1080/00207543.2014.970709
https://doi.org/10.3390/su13137059
http://refhub.elsevier.com/S0959-6526(23)02406-X/sref8
http://refhub.elsevier.com/S0959-6526(23)02406-X/sref8
http://refhub.elsevier.com/S0959-6526(23)02406-X/sref8
https://doi.org/10.1089/sus.2017.0017
https://doi.org/10.1016/j.cosust.2016.12.001
https://doi.org/10.14207/ejsd.2018.v7n4p105
https://doi.org/10.1108/CR-03-2019-0031
https://doi.org/10.1108/CR-03-2019-0031
https://doi.org/10.1007/978-3-030-44999-5_6
http://refhub.elsevier.com/S0959-6526(23)02406-X/sref19
http://refhub.elsevier.com/S0959-6526(23)02406-X/sref19
https://ec.europa.eu/eurostat/web/structural-business-statistics/information-on-data/small-and-medium-sized-enterprises
https://ec.europa.eu/eurostat/web/structural-business-statistics/information-on-data/small-and-medium-sized-enterprises
https://ec.europa.eu/eurostat/web/structural-business-statistics/information-on-data/small-and-medium-sized-enterprises
https://doi.org/10.3390/su8060545
https://doi.org/10.3390/su131810108
https://doi.org/10.1016/j.jclepro.2014.01.071
https://doi.org/10.1016/j.ijpe.2022.108573
https://doi.org/10.1016/j.ijpe.2022.108573
https://www.gate21.dk/baeredygtig-bundlinje-2/
https://www.gate21.dk/baeredygtig-bundlinje-2/
https://www.globalreporting.org/standards/download-the-standards/
https://www.globalreporting.org/standards/download-the-standards/
https://doi.org/10.1016/j.procir.2014.06.018
https://doi.org/10.1016/j.procir.2014.06.018

R. Salvador et al.

Hamidi, S.R., Aziz, A.A., Shuhidan, S.M., Aziz, A.A., Mokhsin, M., 2018. March). SMEs
maturity model assessment of IR4.0 digital transformation. In: International
Conference on Kansei Engineering & Emotion Research. Springer, Singapore,
pp. 721-732. https://doi.org/10.1007/978-981-10-8612-0_75.

Heeley, M., 1997. Appropriating rents from external knowledge: the impact of absorptive
capacity on firm sales growth and research productivity. Frontiers of
Entrepreneurship Research 17, 390-404.

Heikkurinen, P., Young, C.W., Morgan, E., 2019. Business for sustainable change:
extending eco-efficiency and eco-sufficiency strategies to consumers. J. Clean. Prod.
218, 656-664. https://doi.org/10.1016/J.JCLEPR0O.2019.02.053.

Hsu, C.H., Chang, A.Y., Luo, W., 2017. Identifying key performance factors for
sustainability development of SMEs-integrating QFD and fuzzy MADM methods.

J. Clean. Prod. 161, 629-645. https://doi.org/10.1016/j.jclepro.2017.05.063.

Husted, B.W., de Sousa-Filho, J.M., 2019. Board structure and environmental, social, and
governance disclosure in Latin America. J. Bus. Res. 102, 220-227. https://doi.org/
10.1016/j.jbusres.2018.01.017.

Irimids, A., Mitev, A., 2020. Change management, digital maturity, and green
development: are successful firms leveraging on sustainability? Sustainability 12
(10), 4019. https://doi.org/10.3390/s5ul2104019.

Jenkins, D.G., Quintana-Ascencio, P.F., 2020. A solution to minimum sample size for
regressions. PLoS One 15 (2), €0229345. https://doi.org/10.1371/journal.
pone.0229345.

Johnstone, L., 2020. A systematic analysis of environmental management systems in
SMEs: possible research directions from a management accounting and control
stance. J. Clean. Prod. 244, 118802 https://doi.org/10.1016/j.jclepro.2019.118802.

Kot, S., 2018. Sustainable supply chain management in small and medium enterprises.
Sustainability 10 (4), 1143. https://doi.org/10.3390/su10041143.

Kot, S., Haque, A.U., Baloch, A., 2020. Supply chain management in SMEs: Global
perspective. Montenegrin J. Econ. 16 (1), 87-104. https://doi.org/10.14254/1800-
5845/2020.16-1.6.

Machado, M.C., Carvalho, T.C.M.D.B., 2021. Maturity models and sustainable
indicators—a new relationship. Sustainability 13 (23), 13247. https://doi.org/
10.3390/5u132313247.

McQuail, D., Windahl, S., 2015. Communication Models: for the Study of Mass
Communications. Routledge.

Murillo-Luna, J.L., Garcés-Ayerbe, C., Rivera-Torres, P., 2011. Barriers to the adoption of
proactive environmental strategies. J. Clean. Prod. 19 (13), 1417-1425. https://doi.
org/10.1016/j.jclepro.2011.05.005.

Nirino, N., Santoro, G., Miglietta, N., Quaglia, R., 2021. Corporate controversies and
company’s financial performance: exploring the moderating role of ESG practices.
Technol. Forecast. Soc. Change 162, 120341. https://doi.org/10.1016/j.
techfore.2020.120341.

Nurchayati, S., Utami, I., Sunarto, H., 2020. Supply chain management in small and
medium enterprises: SCM practices. Int. J. Supply Chain Manag. 9 (3), 1258-1267.

Ortiz-Martinez, E., Marin-Herndndez, S., 2022. European SMEs and non-financial
information on sustainability. Int. J. Sustain. Dev. World Ecol. 29 (2), 112-124.
https://doi.org/10.1080/13504509.2021.1929548.

Pezzini, M., 2012. An Emerging Middle Class. OECD Observer.

Plummer, R., Blythe, J., Gurney, G.G., Witkowski, S., Armitage, D., 2022.
Transdisciplinary partnerships for sustainability: an evaluation guide. Sustain. Sci.
1-13. https://doi.org/10.1007/511625-021-01074-y.

Porter, M.E., Kramer, M.R., 2011. Creating Shared Value: Harvard Business Review,
pp- 1-17.

Prado, G.F., Piekarski, C.M., da Luz, L.M., de Souza, J.T., Salvador, R., de Francisco, A.C.,
2020. Sustainable development and economic performance: gaps and trends for
future research. Sustain. Dev. 28 (1), 368-384. https://doi.org/10.1002/5d.1982.

16

Journal of Cleaner Production 419 (2023) 138248

Prashar, A., 2019. Towards sustainable development in industrial small and Medium-
sized Enterprises: an energy sustainability approach. J. Clean. Prod. 235, 977-996.
https://doi.org/10.1016/j.jclepro.2019.07.045.

Prashar, A., 2021. Eco-efficient production for industrial small and medium-sized
enterprises through energy optimisation: framework and evaluation. Prod. Plann.
Control 32 (3), 198-212. https://doi.org/10.1080/09537287.2020.1719714.

Reyes-Rodriguez, J.F., Ulhgi, J.P., 2022. Justifying environmental sustainability in small-
and medium-sized enterprises: an analysis of complementary assets in the printing
industry. Bus. Strat. Environ. 31 (1), 59-75. https://doi.org/10.1002/bse.2874.

Richert, M., 2017. An energy management framework tailor-made for SMEs: case study
of a German car company. J. Clean. Prod. 164, 221-229. https://doi.org/10.1016/j.
jclepro.2017.06.139.

Salvador, R., Barros, M.V., do Prado, G.F., Pagani, R.N., Piekarski, C.M., de Francisco, A.
C., 2021a. Knowledge and technology transfer in sustainability reports: fomenting
stakeholder engagement for sustainable development. Corp. Soc. Responsib.
Environ. Manag. 28 (1), 251-264. https://doi.org/10.1002/csr.2046.

Salvador, R., Barros, M.V., dos Santos, G.E.T., van Mierlo, K.G., Piekarski, C.M., de
Francisco, A.C., 2021b. Towards a green and fast production system: integrating life
cycle assessment and value stream mapping for decision making. Environ. Impact
Assess. Rev. 87, 106519 https://doi.org/10.1016/j.eiar.2020.106519.

Saunila, M., Nasiri, M., Ukko, J., Rantala, T., 2019. Smart technologies and corporate
sustainability: the mediation effect of corporate sustainability strategy. Comput. Ind.
108, 178-185. https://doi.org/10.1016/j.compind.2019.03.003.

Seele, P., Lock, I., 2017. The game-changing potential of digitalization for sustainability:
possibilities, perils, and pathways. Sustain. Sci. 12 (2), 183-185. https://doi.org/
10.1007/511625-017-0426-4.

Seidel-Sterzik, H., McLaren, S., Garnevska, E., 2018. A capability maturity model for life
cycle management at the industry sector level. Sustainability 10 (7), 2496. https://
doi.org/10.3390/5u10072496.

Shi, X., Baba, T., Osagawa, D., Fujishima, M., Ito, T., 2019-Septe. A maturity model for
sustainable system implementation in the era of smart manufacturing. In: IEEE Int.
Conf. Emerg. Technol. Fact. Autom. ETFA, pp. 1649-1652. https://doi.org/10.110
9/ETFA.2019.8869446.

Sgberg, PV, 2011. The transfer and creation of knowledge within foreign invested R&D in
emerging markets. J. Technol. Manage. Chin. 6 (3), 203-215. https://doi.
org/10.1108/17468771111157427.

Souto, J.E., 2021. Organizational creativity and sustainability-oriented innovation as
drivers of sustainable development: overcoming firms’ economic, environmental and
social sustainability challenges. J. Manuf. Technol. Manag. https://doi.org/
10.1108/JMTM-01-2021-0018.

Sundstrom, A., Ahmadi, Z., Mickelsson, K., 2019. Implementing social sustainability for
innovative industrial work environments. Sustainability 11 (12), 3402. https://doi.
org/10.3390/5u11123402.

Swarr, T.E., Asselin, A.C., Mila, I, Canals, L., Datta, A., Fisher, A., 2015. Building
organizational capability for life cycle management. In: LCA Compendium-The
Complete World of Life Cycle Assessment, pp. 239-256. https://doi.org/10.1007/
978-94-017-7221-1_17.

Vandenbrande, W.W., 2021. Quality for a sustainable future. Total Qual. Manag. Bus.
Excel. 32 (5-6), 467-475. https://doi.org/10.1080/14783363.2019.1588724.

Vasquez, J., Aguirre, S., Puertas, E., Bruno, G., Priarone, P.C., Settineri, L., 2021.

A sustainability maturity model for micro, small and medium-sized enterprises
(MSMEs) based on a data analytics evaluation approach. J. Clean. Prod., 127692
https://doi.org/10.1016/j.jclepro.2021.127692.

Zhou, B, Siddik, A.B., Zheng, G.W., Masukujjaman, M., 2023. Unveiling the role of green
logistics management in improving SMEs’ sustainability performance: do circular
economy practices and supply chain traceability matter? Systems 11 (4), 198.
https://doi.org/10.3390/systems11040198.


https://doi.org/10.1007/978-981-10-8612-0_75
http://refhub.elsevier.com/S0959-6526(23)02406-X/sref31
http://refhub.elsevier.com/S0959-6526(23)02406-X/sref31
http://refhub.elsevier.com/S0959-6526(23)02406-X/sref31
https://doi.org/10.1016/J.JCLEPRO.2019.02.053
https://doi.org/10.1016/j.jclepro.2017.05.063
https://doi.org/10.1016/j.jbusres.2018.01.017
https://doi.org/10.1016/j.jbusres.2018.01.017
https://doi.org/10.3390/su12104019
https://doi.org/10.1371/journal.pone.0229345
https://doi.org/10.1371/journal.pone.0229345
https://doi.org/10.1016/j.jclepro.2019.118802
https://doi.org/10.3390/su10041143
https://doi.org/10.14254/1800-5845/2020.16-1.6
https://doi.org/10.14254/1800-5845/2020.16-1.6
https://doi.org/10.3390/su132313247
https://doi.org/10.3390/su132313247
http://refhub.elsevier.com/S0959-6526(23)02406-X/sref44
http://refhub.elsevier.com/S0959-6526(23)02406-X/sref44
https://doi.org/10.1016/j.jclepro.2011.05.005
https://doi.org/10.1016/j.jclepro.2011.05.005
https://doi.org/10.1016/j.techfore.2020.120341
https://doi.org/10.1016/j.techfore.2020.120341
http://refhub.elsevier.com/S0959-6526(23)02406-X/sref48
http://refhub.elsevier.com/S0959-6526(23)02406-X/sref48
https://doi.org/10.1080/13504509.2021.1929548
http://refhub.elsevier.com/S0959-6526(23)02406-X/sref50
https://doi.org/10.1007/s11625-021-01074-y
http://refhub.elsevier.com/S0959-6526(23)02406-X/sref54
http://refhub.elsevier.com/S0959-6526(23)02406-X/sref54
https://doi.org/10.1002/sd.1982
https://doi.org/10.1016/j.jclepro.2019.07.045
https://doi.org/10.1080/09537287.2020.1719714
https://doi.org/10.1002/bse.2874
https://doi.org/10.1016/j.jclepro.2017.06.139
https://doi.org/10.1016/j.jclepro.2017.06.139
https://doi.org/10.1002/csr.2046
https://doi.org/10.1016/j.eiar.2020.106519
https://doi.org/10.1016/j.compind.2019.03.003
https://doi.org/10.1007/s11625-017-0426-4
https://doi.org/10.1007/s11625-017-0426-4
https://doi.org/10.3390/su10072496
https://doi.org/10.3390/su10072496
https://doi.org/10.1109/ETFA.2019.8869446
https://doi.org/10.1109/ETFA.2019.8869446
https://doi.org/10.1108/17468771111157427
https://doi.org/10.1108/17468771111157427
https://doi.org/10.1108/JMTM-01-2021-0018
https://doi.org/10.1108/JMTM-01-2021-0018
https://doi.org/10.3390/su11123402
https://doi.org/10.3390/su11123402
https://doi.org/10.1007/978-94-017-7221-1_17
https://doi.org/10.1007/978-94-017-7221-1_17
https://doi.org/10.1080/14783363.2019.1588724
https://doi.org/10.1016/j.jclepro.2021.127692
https://doi.org/10.3390/systems11040198

	Explaining sustainability performance and maturity in SMEs – Learnings from a 100-participant sustainability innovation project
	1 Introduction
	2 Methods
	2.1 Systematic literature review
	2.2 Building a survey to assess the sustainability performance and maturity of SMEs
	2.2.1 Defining a scale
	2.2.2 Drafting, revising, and troubleshooting the data collection instrument (survey)

	2.3 Hypothesis formulation
	2.4 Data collection
	2.5 Statistical treatment of data
	2.5.1 Paired T-Test
	2.5.2 Regression analysis


	3 Framework for measuring sustainability performance in SMEs
	3.1 Dimensions of sustainability performance in SMEs
	3.2 Aspects of sustainability performance in SMEs
	3.2.1 Knowledge and competencies
	3.2.2 Communication
	3.2.3 Partnerships
	3.2.4 Strategic setting
	3.2.5 Technology & innovation
	3.2.6 Process and operations management


	4 Results
	4.1 Analysis of means
	4.2 Regression analysis
	4.2.1 Economic sustainability
	4.2.2 Environmental sustainability
	4.2.3 Social sustainability


	5 Discussion: where to focus sustainability efforts
	6 Discussion: how our results compare to the existing literature
	7 Concluding remarks
	7.1 Main conclusions
	7.2 Limitations
	7.3 Suggestions for future and further research

	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgments
	Appendix A Supplementary data
	References


