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A B S T R A C T   

The Twin Transition is gaining increasing relevance in the manufacturing sector as it strives to implement and 
exploit digital technologies to improve the Environmental Sustainability of companies. This topic holds partic
ular relevance in the Cosmetic Industry. However, cosmetics companies, especially Small and Medium Enter
prises, encounter challenges in effectively implementing digital technologies. This results in a substantial gap 
between the theoretical potential of the Twin Transition and the practical implementations. To fill the gap, a key 
role might be played by assessment and roadmapping tools that provide companies with the help and support 
they need. In this contribution a novel assessment and roadmapping tool is proposed. The employed method
ology combines a systematic literature review with Action research approach. The proposed tool is called the 
Twin Transition Cosmetic Roadmapping Tool. It supports enterprises in the assessment of their current level of 
Twin Transition based on which a roadmap for improvement is framed. It is the first Twin Transition road
mapping tool specific for cosmetics industry. Furthermore, it encompasses all the mechanisms by which Twin 
Transition can be achieved throughout the entire product life cycle. The paper concludes with an application of 
the tool in an industrial case study, presenting and discussing the results.   

1. Introduction 

The substantial impact of the manufacturing sector on Environ
mental Sustainability (ES) is well-documented (Worrell et al., 2009). 
Notably, the interest among manufacturing companies in embracing 
sustainability is escalating (Acerbi and Taisch, 2020; Rosa et al., 2018; 
World Economic Forum, 2019). This interest is particularly pronounced 
in the Cosmetic Industry (CI), where consumers are highly sensitive to 
product ES (Acerbi et al., 2023; Bom et al., 2019; Rocca et al., 2022). 
Indeed, the literature reports evidence of a green consumerism trend 
(Rocca et al., 2022). 

An example is the rise of the organic and natural products sub- 
market, which was valued US$ 24,2 billion worth in 2022, with pro
jections soaring to US$52.2 billion by 2030 (Researchandmarkets.com, 
2023). Additionally, the global biodegradable cosmetic packaging sector 
is expected to increase, with estimates surpassing US$10 billion by 2029 
(Data Bridge Market Research, 2022). Concerning ingredients, natural 
alternatives are progressively substituting chemical-based ingredients. A 
noteworthy instance is the substitution of the commonly used anti-aging 
ingredient, Retinol, with the natural-based Bakuchiol, with an 

anticipated Compound Annual Growth (CAGR) growth of 6,5% between 
2021 and 2028 (Data Intelo, 2022). Furthermore, the global essential oil 
market, valued at US$ 9,02 billion worth in 2020, is expected to 
demonstrate a CAGR of 9,57% between 2021 and 2028 (PXR, 2022). 

Digitalisation and Industry 4.0 (I4.0) are pivotal levers implement
able by manufacturing companies to enhance their Environmental 
Sustainability Performance (ESP), (Mohamed et al., 2019; Uçar et al., 
2020). In this context, the term Twin Transition (TT) is gaining signif
icant traction. The TT defines the synergetic occurrence of Digital 
Transition (DT) and Green Transition (GT) (Montresor and Vezzani, 
2022; Ortega-Gras et al., 2021). Nonetheless, Small and Medium En
terprises (SMEs) meet hurdles in approaching the TT (Horváth and 
Szabó, 2019; Stentoft et al., 2019). 

An effort to assist companies in this direction is represented by tools, 
models and roadmaps developed to support either the GT (e.g. (Rocca 
et al., 2021),) or the DT (e.g. (Schumacher et al., 2019):). However, the 
synergy of the two is scarcely considered. For instance, Dikhanbayeva 
et al. (2020) conducted an analysis of twelve maturity models related to 
I4.0 and observed that they seldom tackle sustainability implications of 
I4.0 implementations. Additionally, there is an absence of guidance for 
enterprises seeking to understand how to use specific technologies to 
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accomplish GT. Thus, to address this gap, the research objective and 
purpose of this contribution is the development of a tool to support 
cosmetic SMEs in their path towards the TT. To address this objective, 
the research question is explored: “How cosmetics SMEs can be supported 
in their path towards the TT?”. 

The remainder of the paper is structured as follows. In section 2 the 
employed research methodology is presented. In section 3 the results of 
the literature review that puts the basis for the tool conceptualization 
are shown. In section 4 the development of the tool is described. In 
section 5 the tool application is presented. In section 6 and 7 respectively 
discussion and conclusions are drawn. 

2. Research methodology 

In order to address the research question, a dual research method
ology comprising a systematic literature review (SLR) (Xiao and Watson, 
2019) and Action Research is employed. Action Research is a 
well-established research approach of the Design Science, which is a 
research methodology widely used in operations management field 
(Holmström et al., 2009), and it finds application also in this study. 
Design Science methodology addresses a specific problem by developing 
an artifact, the utility of which is subsequently evaluated through in
dustrial applications (Peffers et al., 2007). In this work, the problem 
under scrutiny is related to the technical difficulties met by cosmetics 
SMEs while performing the TT. the resulting artifact, in this case, is the 
tool to be developed to support them. The tool is then evaluated through 
an industrial application. Action Research-inspired approach adopted 
here is an adaptation of the GuRu methodology, as implemented by 
(Sassanelli et al., 2019). Although conceived for the integrated design of 

product and service features in Product-Service Systems, GuRu was 
adapted in this work to develop a managerial tool supporting industry 
practitioners, because of its iterative approach inclusion of practitioners. 
It is worth noting that, in Design Science, it is customary to apply 
expertise and insight from one knowledge domain to another 
(Holmström et al., 2009). 

At the same time, the SLR is utilised to identify the inherent strengths 
and weaknesses of existing tools, models, and frameworks. Subse
quently, after a preliminary analysis of the extant literature, a first 
version of a new tool is conceived. At this point, Action Research is 
employed to refine and improve the tool itself, incorporating trials 
within cosmetic manufacturing companies. The idea revolves around 
applying this tool to an industrial case, in collaboration with industry 
practitioners. Throughout the application process, feedback and 
improvement suggestions by the practitioners are collected and inte
grated. In this manner, the tool is honed and refined with the over
arching goal of augmenting its effectiveness when applied to CI 
companies (i.e., making it more useful for practitioners). The procedural 
steps employed bear a semblance to the GuRu methodology, albeit 
tailored to the different objective of creating a decision-making support 
tool. Like in the GuRu methodology by (Sassanelli et al., 2019), in this 
research contribution is presented a cyclic improvement of the tool 
engendered by the interactions with industry practitioners. Notably, the 
methodological steps can be outlined as follows:  

1. Application of the initial version of the tool to a selected industrial 
case, executed in collaboration with industry practitioners.  

2. Gathering and compilation of feedback and critiques from the 
practitioners involved in the selected industrial case. 

3. Implementation of the first cycle of refinements based on the feed
back gathered in step 2.  

4. Reiteration of the tool application to the same industrial case, again 
in collaboration with industry practitioners. 

5. If additional critiques or suggestions for improvement arise, a sub
sequent cycle of refinements is enacted, followed by a repetition of 
step 4. Otherwise, the development process concludes. 

In the specific context of this work, it required only the first cycle of 
refinements to achieve a version of the tool that was deemed satisfactory 
by the practitioners involved in the activity. Action Research has already 
been successfully employed in diverse instances of Roadmapping Tool 
development within the realm of digital technologies (Battistella et al., 
2015; Bloem da Silveira Junior et al., 2018; Czachorowski and Haskins, 
2022). 

The decision to merge SLR and Action Research methodologies was 
made with the objective of incorporating two complementary perspec
tives in the process of development of the tool: on the one hand, it en
compasses an assessment of the current State of the Art of managerial 
tools supporting companies in the TT developed by academics. On the 
other hand, it entails the consideration of the viewpoint and practical 

List of abbreviations 

CAGR Compound Annual Growth 
CE Circular Economy 
CI Cosmetic Industry 
DT Digital Transition 
ES Environmental Sustainability 
ESP Environmental Sustainability Performance 
GT Green Transition 
I4.0 Industry 4.0 
PLPs Product Life cycle Phases 
SBMAs Sustainable Business Model Archetypes 
SDGs Sustainability Development Goals 
SLR Systematic Literature Review 
SMEs Small and Medium Enterprises 
TT Twin Transition 
TTCRT Twin Transition Cosmetic Roadmapping Tool  

Fig. 1. Representation of the adopted research methodology.  
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requirements articulated by industry practitioners who will ultimately 
utilize the tool. The adopted methodology is summurised in Fig. 1 

It was decided to include documents referred to any industry 
belonging to the manufacturing sector. This choice was motivated by the 
relatively limited number of contributions available within this specific 
research domain. The belonging of the tool to the manufacturing in
dustry, along with its consideration of GT and DT served as pivotal 
factors in shaping the research string. The frameworks and tools 
encountered in the literature referring to the generic manufacturing 
sector, indeed, present features that are universally applicable across 
manufacturing industries. 

The research was conducted on Scopus database. The used search 
string is the following: 

TITLE-ABS-KEY (“twin transition” OR ((“green transition” OR “sus
tainability” OR “environment” OR “environmental” OR “green” OR 
“circular” OR “sustainable” OR “energy efficiency” OR “circularity”) 
AND (“digital transition” OR “industry 4.0″ OR “digitalisation” OR 
“digitalisation” OR “digitization” OR “digitization” OR “digital tech
nologies”)) AND (“manufacturing” OR “production”) AND (“assessment 
tool*" OR “strategic tool*" OR “strategic framework” OR “maturity 
model” OR “transition framework” OR “transition model” OR “strategy 
framework” OR “strategy model” OR “structured methodology” OR 
“transition methodology” OR “transition strategy” OR “assessment in
strument” OR “strategic instrument” OR “transition instrument” OR 
“transition method” OR “structured method” OR “strategic method” OR 
“strategic guidelines” OR “transition guidelines” OR “strategy guide
lines” OR “implementation guidelines” OR “implementation strategy” 
OR “implementation tool” OR “support tool” OR “support guidelines” 
OR “supporting tool” OR “supporting guidelines” OR “supporting 
strategy” OR “Roadmap” OR “Roadmapping”)) 

Initially, a total of 268 papers were obtained. Subsequently, 28 pa
pers were discarded from the analysis as their authors were labelled as 
unknown or the content was not written in English. Each remaining 
paper was deeply analysed. It was verified the consideration of ES, 
digitalisation, as well as their synergies and interactions, and if a 
manufacturing context was considered. After the scrutiny, 62 documents 
were identified as respecting these criteria. Among this subset, 21 pro
posed a tool, a roadmap, a model, or a framework and were therefore 
considered for the analysis detailed below in Fig. 2. 

The included documents were analysed, with a primary focus on the 
following dimensions: (i) the range of digital technologies considered, 
(ii) the aspects related to ESP that were taken into account (e.g., CE, 
energy efficiency), (iii) the extent and level of detail in which the pro
posed instruments support companies in evaluating specific technolo
gies for implementation, (iv) The applicability of these tools across the 
entire product life cycle and (v) the applicability of these tools to the CI. 

The identification of the dimensions was guided by the need to un
derstand the effectiveness of the support offered by the analysed tools to 
industry practitioners, considering their comprehensiveness and level of 
detail. Indeed, tools encompassing a broader spectrum of digital tech
nologies and ESP aspects inherently provide more complete support to 
companies. Similarly, tools addressing a larger portion of the product 
life cycle offer a more comprehensive support. Furthermore, tools 
providing a more detailed guidance to practitioners in evaluating 
technologies for implementation are expected to be of greater utility. 
Lastly, the evaluation of usefulness of these tools to CI practitioners by 
considering tools applicability to CI was performed. 

In addition, eleven more papers falling outside the scope of the re
view were exploited to support the tool development. These documents 
pertained to I4.0, Cosmetic Product Lifecycle Phases (PLPs), and ES and 
its implementation models. They were identified through a Snowball 
Effect approach, involving references from the reviewed papers and the 
prior knowledge of the authors. 

3. Literature review results 

In this section the results of the conducted SRL are presented. The 
findings are organized into five distinct sections, each addressing one of 
the different analysis dimensions detailed in the methodology section: 
(i) technologies considered, (ii) ESP aspects considered, (iii) extension 
and detail of the support to the enterprises, (iv) applicability across the 
entire product life cycle and (v) applicability to the CI. A summary of the 
analysis is subsequently presented in Table 1. 

3.1. First analysis dimension: technologies considered 

In this dimension of analysis, it was observed that several models 
encompassed a wide range of technologies, without a specific focus on 
any particular typology. For instance, some works proposed I4.0 
Maturity Models that considered how digital technologies may enable or 
support ESP aspects (Stawiarska et al., 2021; Zoubek et al., 2021). In 
other studies, frameworks were presented that connected different ty
pologies of digital technologies to ESP (Böttcher et al., 2023; Gho
bakhloo et al., 2021; Prakash and Ambedkar, 2023; Sahu et al., 2022; 
Sun et al., 2022). Additionally, a subset of papers introduced roadmaps 
that considered diverse types of digital technologies, considering their 
positive effects on ESP (Ching et al., 2022; Lopes de Sousa Jabbour et al., 
2018; Münnich et al., 2022). 

Conversely, some documents focused only on some specific tech
nologies. In certain instances, they were data driven technologies 
(Kenett et al., 2018; Leong et al., 2020; Kristoffersen et al., 2020). In 
other cases, the focus was on Additive Manufacturing (Hettiarachchi 
et al., 2022; Nascimento et al., 2022). In a singular instance, only 
technologies applicable during product design phase were considered 
(Miranda et al., 2019). Finally, one paper focused on the factors leading 
to the TT rather than delving into specific technologies (Kumar et al., 
2022). 

3.2. Second analysis dimension: Environmental Sustainability 
Performance aspects considered 

Few works were found focusing exclusively on CE aspects (Lopes de 
Sousa Jabbour et al., 2018; Panayiotou et al., 2019; Sahu et al., 2022; 
Kristoffersen et al., 2020; Sun et al., 2022; Prakash and Ambedkar, 2023; 
Nascimento et al., 2022). In the remaining cases, the ES aspects under 
consideration were not confined to a specific area of ESP. Nevertheless, 
in some instances, there was a lack of specificity, with ESP being 
addressed in a generic manner (Bhatia and Diaz-Elsayed, 2023; Ferrera 
et al., 2017; Kaya et al., 2023). Furthermore, two of these studies 
introduced a fuzzy TOPSIS approach to build a framework to support 
SMEs in the DT (Bhatia and Diaz-Elsayed, 2023; Kaya et al., 2023). 
Initially ESP aspects were considered in a generic fashion, but notably, 
they were not featured in the application cases presented in these two 
papers. In the remaining analysed works, multiple dimensions of ESP 
were encompassed. 

3.3. Third analysis dimension: extension and detail of the support to the 
enterprises 

The majority of the analysed works did not present a punctual sup
port for enterprises. For instance, (Kenett et al., 2018) did not provide 
concrete guidelines for technologies implementation within companies. 
In (Flumerfelt and Wenson, 2019) Technical and technological guidance 
for the companies is neglected as the work focuses on the implementa
tion of a lean leadership learning system. In (Hettiarachchi et al., 2022) 
the analysis is stated to be aiming at orienting the future work of 
scholars, rather than supporting enterprises. In (Stawiarska et al., 2021) 
an I4.0 Maturity Model is proposed for assessment purposes only, 
without offering indications for future improvements benefitting the 
companies. The methodology proposed in (Leong et al., 2020) does not 
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support companies in technologies selection and utilization. The 
framework proposed by (Ghobakhloo et al., 2021) did not address spe
cific technologies or technical interventions that enterprises should 
undertake to enhance the identified sustainable innovation functions. 
(Panayiotou et al., 2019) the analysis is confined to the mapping of 
barriers towards I4.0 and CE. The roadmap proposed by (Ching et al., 
2022) remains theoretical, devoid of considerations regarding the spe
cific I4.0 technologies to be used. In (Zoubek et al., 2021) a structured 
support for companies in improving their ESP is missing. The framework 
proposed by (Sahu et al., 2022) is stated to primarily aim to help in the 
research endeavour. In (Kumar et al., 2022) the analysis is focused on 
the drivers towards the TT. The works by (Sun et al., 2022; Munnich 
et al., 2022) present a practical framework and a roadmap, respectively, 
but neither provides a precise technical support for enterprises. The 

frameworks proposed by (Prakash and Ambedkar, 2023; Böttcher et al., 
2023) are theoretical in nature and not conceived for corporate or 
product-level assessment or roadmapping. 

Only few works present a precise technical support (Kristoffersen 
et al., 2020; Lopes de Sousa Jabbour et al., 2018; Miranda et al., 2019; 
Nascimento et al., 2022). However, as previously mentioned, some of 
these focus only on CE (Kristoffersen et al., 2020; Lopes de Sousa Jab
bour et al., 2018), while others consider only select categories of digital 
technologies (Miranda et al., 2019; Nascimento et al., 2022). 

3.4. Fourth analysis dimension: applicability to the entire product life 
cycle 

In the conducted review, only a limited number of works were found 

Table 1 
Synthesis of the analysed papers.  

Paper Generic description Considered 
Industry 

Points of strength Points of weakness Typology of 
model 
proposed 

Kenett et al. 
(2018) 

Usage of Advanced Data Analytics in 
Sustainable Manufacturing 

Generic Structured classification of the 
applications 

Exclusive focus on Data Analytics 
and lack of implementation 
guidelines 

Practical 
Framework 

Hettiarachchi 
et al. (2022) 

Support of Additive Manufacturing 
to CE 

Generic In depth analysis of both technical and 
managerial aspects 

Framework conceived to be used by 
scholars and not by companies 

Theoretical 
framework 

Stawiarska et al. 
(2021) 

I4.0 maturity model Automotive 
Industry 

Great relevance given to the 
exploitation of I4.0 to improve ESP 

It does not provide a concrete 
support to companies and exclusively 
focused on automotive industry 

Maturity 
model 

Leong et al. 
(2020) 

Green strategy implementation 
using I4.0 data driven applications 

Processing 
sector 

Sophisticated analysis and validation of 
the proposed methodology 

Does not support technologies 
selection and utilization 

Roadmap 

Ghobakhloo et al. 
(2021) 

Framework to develop sustainable 
innovation under I4.0 

Generic Same perspective of the TT adopted in 
the proposed work 

No consideration of technical aspects Practical 
framework 

Lopes de Sousa 
Jabbour et al. 
(2018) 

Roadmap to implement I4.0 and CE Generic Elaborated and well-structured 
roadmap 

Exclusive focus on CE, not 
considering any other ESP aspect 

Roadmap 

Panayiotou et al. 
(2019) 

Identification and analysis of the 
main barriers to application of I4.0 
and CE 

Gas Industry Classification and analysis of relevant 
barriers. 

No roadmap proposal Theoretical 
Framework 

Ching et al. (2022) Roadmap to implement 
Sustainability through I4.0 

Generic Identification of the functions that I4.0 
can perform for Sustainability and of the 
possible levels of impact 

The roadmap is theoretical. Roadmap 

Zoubek et al. 
(2021) 

Maturity model to implement I4.0 in 
support of ES 

Generic Complete and validated model The model is unable to directly 
support further improvements 

Maturity 
model 

Sahu et al. (2022) Framework supporting I4.0 and CE 
implementation 

Generic Classification of critical components 
and technologies 

Framework supporting sheer 
research 

Theoretical 
framework 

Miranda et al. 
(2019) 

Framework to develop smart and 
sustainable products 

Generic Provision of a concrete and useful 
support to companies 

It focuses exclusively on product 
development 

Practical 
framework 

Kristoffersen et al. 
(2020) 

Framework for the usage of Data 
Analytics tools to support CE 
practices 

Generic Provision of a concrete and useful 
support to companies 

It considers only CE Practical 
framework 

Ferrera et al. 
(2017) 

Framework to use I4.0 to improve 
industrial efficiency. 

Generic Flexible framework Generic framework, not specific for 
the GT nor the TT 

Practical 
framework 

Kumar et al. 
(2022) 

Identification and analysis of factors 
influencing I 4.0 implementation to 
reach sustainability 

Generic An extensive identification of drivers 
leading companies towards the TT. 

It does not provide a concrete 
support to companies 

Theoretical 
framework 

Sun et al. (2022) Framework connecting the industry 
4.0 enabling technologies to reverse 
logistics processes and to the 
sustainability indicators 

Generic Well-structured framework. It focuses exclusively on the logistics 
aspects of only End of Life phase. 
Furthermore, it does not work as an 
assessment tool 

Practical 
Framework 

Prakash and 
Ambedkar 
(2023) 

Framework connecting different I4.0 
technologies to different aspects of 
Circular Business Models. 

Generic Methodologically solid construction of 
the framework that even if theoretical 
may present interesting practical 
implications for companies 

It does not work as an assessment 
model. Furthermore, it considers 
exclusively CE 

Theoretical 
framework 

(Munnich et al., 
2022) 

Extension of an existing Industry 4.0 
maturity model to include 
sustainability-related aspects. 

Generic It is a comprehensive model, 
considering various ESP aspects. It also 
provides a workflow scheme to perform 
the roadmapping analysis 

It fails in providing a punctual 
technical support to companies 

Roadmap 

Böttcher et al. 
(2023) 

Framework supporting 
implementation of digital solutions 
for enabling different typologies of 
sustainable business models 

Generic Comprehensive consideration of 
possible business models 

It does not work as an assessment 
tool. Furthermore, the adopted 
perspective is strategic, considering 
only business model design 

Theoretical 
framework 

Nascimento et al. 
(2022) 

Roadmap for the evolution of the 
circular value stream mapping based 
on 3D printing 

Generic Clear and simple definition of key points 
and milestones needed to evolve toward 
CE by exploiting Additive 
Manufacturing 

Focused exclusively on Additive 
Manufacturing technology and CE 
among possible ESP dimensions 

Roadmap  
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concentrated exclusively on specific phases of the product life cycle. For 
instance, some studies exclusively delved into product development 
(Miranda et al., 2019), while others cantered the attention on logistics 
aspects during the end of life phase (Sun et al., 2022). As for the 
remaining works, a specific focus on limited life cycle phases was not 
discernible. Moreover, none of these works proposed a systematic 
approach to ensure comprehensive coverage of all product life cycle 
phases. 

However, two notable exceptions were found (Lopes de Sousa Jab
bour et al., 2018; Zoubek et al., 2021). In these works, although product 
life cycle phases are not explicitly addressed, actions were categorized 
based on their impact on different segments of the supply chain or value 
chain they impact on is performed. In one of these works the main ap
proaches to CE are defined and crossed with supply chain phases they 
can impact on (Lopes de Sousa Jabbour et al., 2018). In the other work, 
four distinct areas along the value chain are identified, each one pre
senting three specific action typologies for the implementation of digital 
technologies aimed at improving ESP (Zoubek et al., 2021). 

3.5. Fifth analysis dimension: applicability to the cosmetics industry 

It was not uncovered in the literature review a model or a roadmap 
specifically designed for the CI. Furthermore, it was noted that the 
majority of the proposed exhibit a generic nature, lacking a focus on any 
specific industrial sector. While this generality allows a potential 
applicability to CI, it may not yield the same level of effectiveness as a 
sector-specific tool. Notably, there are three exceptions: (i) a maturity 
model for the automotive industry (Stawiarska et al., 2021), (ii) a 
roadmap developed within the context of the processing sector (Leong 
et al., 2020) and (iii) a framework specific for the gas industry (Pan
ayiotou et al., 2019). 

In summary, it was not identified a model or a roadmap encom
passing all the following features simultaneously: (i) a comprehensive 
coverage of digital technologies for consideration, (ii) a wide array of 
actions for ESP improvement, (iii) a mechanism for providing practi
tioners with precise technical support, (iv) explicit consideration of 
potential actions and implementations across all the phases of the 
product life cycle, and (v) being specifically tailored for the CI charac
teristics and needs. 

A comprehensive summary of all the investigated tools is provided in 
Table 1. It is worth noting that three of the included papers are not 
featured in Table 1, as they did not present notable strengths or 
distinctive features. 

4. Twin transition cosmetic roadmapping tool development 

A literature gap related to the lack of roadmaps supporting cosmetics 
manufacturing companies in achieving the TT is highlighted in this 
section. A proposal of a tool to fill this gap is presented. 

4.1. Literature gap identification and tool conceptualization 

As previously discussed at the end of the literature review results 
section, it was not identified a tool presenting the following features 
simultaneously: (i) consideration of a wide array of potential digital 
technologies for implementation; (ii) presentation of an extensive range 
of ESP improvement actions for implementation; (iii) provision of a 
mechanism to support in a precise and technical manner companies in 
performing the TT; (iv) explicit consideration of all product life cycle 
phases impactable by the TT; (v) tailored specifically for CI enterprises. 
Indeed, it has already been elucidated in the literature review results 
how some of the analysed works satisfied only part of these points. 
Therefore, this work, proposes a decision-making support tool aimed at 
fulfilling the aforementioned points. The proposed tool also integrates 
the concepts of assessment of the current situation and developing a 
roadmap. Indeed, the assessment of the current situation provides the 

foundational basis for the roadmap development. 

4.2. Tool development 

The proposed tool is structured into three main sections: (i) the 
know-why section to identify the objectives, targets, opportunities, 
threats, and motivations of the company, (ii) the know-what section to 
evaluate the ESP current situation of the company and identify its 
strengths and weaknesses, and (iii) the know-how section, to assess the 
digital resources available to the company for improving its current 
situation, as well as identifying areas of potential improvement. 

Based on the considerations listed at the end of the literature review 
results section regarding the identified models and roadmaps, and the 
resulting literature gap, the proposed tool was required to be compliant 
with three objectives:  

a) Comprehensive coverage of all sustainability aspects related to 
cosmetic products, explicitly considering all phases of their life cycle.  

b) Ability to provide precise technical support in identifying a path to 
accomplish the TT consistently with company targets. 

c) User-friendly and easily understandable, since it is aiming at sup
porting moreover SMEs, that are the backbone of the European CI 
according to (Rossi and Hoffman, 2007; Cosmetics Europe, 2022). 

The structure of the tool, divided into the know-why, the know-what 
and the know-how, draws inspiration from the SWOT analysis (Helms 
and Nixon, 2010). Indeed, in SWOT analysis, the assessment of the 
current situation implies the identification of directions of improve
ment. By identifying its strengths, weaknesses, opportunities and 
threats, a company can determine how to take action. Afterwards, de
cisions are made regarding which weaknesses and threats to target and 
what strengths and opportunities to exploit. Building on this concept, it 
was considered internal and external opportunities and threats that a 
company is facing under the ES perspective. In the conducted SLR, their 
relevance had indeed emerged (Hettiarachchi et al., 2022; Sahu et al., 
2022). These aspects are addressed in the know-why section of the tool. 
Furthermore, in any assessment process, it is crucial to identify strengths 
and weaknesses of a company. This also emerged from the SRL (Ching 
et al., 2022; Kristoffersen et al., 2020). These aspects are addressed in 
the know-what section. 

The SLR underscored the significant role of digital technologies 
improve ESP (Ching et al., 2022; Lopes de Sousa Jabbour et al., 2018; 
Zoubek et al., 2021). Thus, the know-how section was introduced. 

The tool is named of Twin Transition Cosmetic Roadmapping Tool 
(TTCRT). In Fig. 3 its structure is depicted. 

The TTCRT is designed to assess and enhance the ESP of a single 
product along its life cycle. Thus, to evaluate the ESP of several products, 
the TTCRT must be applied to each product separately. The application 
of the tool can be divided into two main phases:  

1. Assessment Phase: during this phase, the evaluation of the current 
company situation takes place. It involves the compilation of all the 
three sections of the, namely the know-why, the know-what and the 
know-how.  

2. Roadmapping phase: the results of the Assessment Phase serve as a 
foundation for the Roadmapping Phase. Focusing on the weaknesses 
identified in the know-what section, in this phase it can be decided 
what aspects to improve, with guidance from the insights provided in 
the know-why section. Subsequently, through an analysis of the in
formation provided in the know-how section, the identification of 
technological resources that can be adopted or further developed 
becomes possible. 

4.3. Twin transition cosmetics roadmapping tool structure 

In this section the TTCRT structure is presented. As highlighted 
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through this paragraph, some features of the tool were implemented 
during Action Research phase, which is described in the section dedi
cated to the tool application. 

4.3.1. The know-why section 
To identify and define company drivers and targets, a questionnaire 

intended for key company persons was developed. Before administrating 
the questionnaire, the selection of the product to which the TTCRT will 
be applied is necessary. 

The questionnaire starts by defining the enterprise sustainability 
vision and by identifying which of the 17 Agenda 2030 Sustainability 
Development Goals (SDGs) (United Nations, 2020) align with this 
vision. Then a brief description of company mission and strategic ob
jectives is required, with a particular emphasis on the aspects related to 
ES. Following this, the questionnaire proceeds to identify external 
drivers, to be selected from the following list in accordance with the 
SDGs: (i) increasing demand of scarce resources, (ii) fighting pollution 
and climate change, (iii) anticipating laws and regulations related to ES, 
(iv) anticipating market trends, (v) establishing a sustainable brand 
image, (vi) growing relevance of environment consumer and corporate 
purchasing decisions, (vii) responding to a specific request by a stake
holder, (viii) other. Considering the chosen product for the TTCRT 
application, respondents are then asked to identify the sustainability 
aspects most important to the targeted customer’s segment. This is 
inspired by opportunities identified in previous research (Li et al., 2015), 
and options include: (i) using more sustainable raw materials for the 
product, (ii) using more sustainable raw materials for packaging, (iii) ES 
of the sourcing phase, (iv) ES of the production phase, (v) ES of the lo
gistics phase, (vi) recyclability, biodegradability or re-usability of the 

product, (vii) recyclability, biodegradability or re-usability of the 
package, (viii) decreasing environmental impact during the use phase 
and (ix) ES of the product disposal. 

It is worth noting that equal importance is placed on the product and 
its packaging, given the critical role of packaging in the CI (Cinelli et al., 
2019). 

Finally, interviewees are asked to identify internal drivers of the 
company towards ES. These are categorized into two groups: drivers that 
serve as motivation for the company towards ES and drivers that facil
itate or enable ES improvements. 

The sub-division was implemented after Action Research phase. The 
possible answers for the motivational drivers are as follows: (i) presence 
of company activities or processes with a high environmental impact, 
(ii) attainment of a certification (specifying what kind of certification), 
(iii) improvement of personnel motivation, (iv) introduction of a new 
product line, (v) operational costs reduction, (vi) improved attractive
ness to investors, (vii) development of a market offering, and (viii) other. 

A specific answer related to the attainment of ES certifications was 
prepared during Action Research phase, as certifications play a key role 
in CI (Bozza et al., 2022). As for internal drivers that serve as a lever for 
ES improvements, the possible answers include: (i) existence of com
pany environmental policy, (ii) willingness to introduce technologies to 
optimise company ESP, (iii) willingness to hire qualified human re
sources to optimise company ESP, and (iv) other. 

The aim of all the questions includes also making opportunities, 
threats, drivers and targets clear and explicit to the company itself. 

4.3.2. The know-what section 
To delineate the scope of intervention, both the stages of the PLPs 

Fig. 2. Performed literature review.  

Fig. 3. Twin Transition Cosmetic Roadmapping Tool structure.  
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requiring improvement and the exploitable approaches for delivering 
sustainability need to be identified. The know-what section employs a 
matrix structure, with PLPs represented on the horizontal axis and 
modalities for enhancing ESP on the vertical axis. 

Regarding the horizontal axis, the PLPs of a typical cosmetic product 
identified by (Bom et al., 2019) were adopted. These include: (i) product 
and packaging design, (ii) sourcing, encompassing raw materials 
extraction and transportation, (iii) manufacturing, (iv) packaging, 
which includes both package manufacturing and the insertion of the 
product in it, (v) distribution, (vi) consumer use, and (vii) 
post-consumer use. 

Establishing the boundaries of the company in terms of PLPs is 
necessary before pinpointing areas for improvement. This ensures the 
exclusion of areas beyond the sphere of influence of the company. 

The identification of the potential modalities to improve ESP is based 
on the Sustainable Business Model Archetypes (SBMAs) presented by 
(Bocken et al., 2014), where eight different SBMAs are proposed: (i) 
maximising material and energy efficiency, (ii) creating value from 
waste, by reusing, recycling, or remanufacturing, (iii) substituting with 
renewable and natural processes, (iv) delivering functionality rather 
than ownership to reduce resource consumption, (v) adopting a stew
ardship role to promote ES among stakeholders, (vi) encouraging suf
ficiency by reducing demand-side consumption, (vii) repurposing the 
business, changing its ultimate target to achieving social and environ
mental benefits and (viii) developing scale-up sustainability solutions. 

The last two points were excluded from consideration. Indeed, point 
7 involves a radical change of the business model, which falls outside the 
scope of this work. Point 8 pertains to the development level of sus
tainability solutions inside a company, which is exactly what this tool 
aims to assess. During Action Research phase, the exclusion of also point 
4 was decided. Indeed, in the CI it is impossible to deliver the func
tionality of a product without physically selling it. 

To the 5 SBMAs a further row was added during Action Research 
phase, related to the ES certifications held by the company. Indeed, ES 
certifications play a crucial role in the CI (Bozza et al., 2022). 

To construct the matrix by compiling criteria, five levels of imple
mentation were defined, inspired by some previous works (Baumgartner 
and Ebner, 2010; Machado et al., 2017; Schaltegger et al., 2012). 
Adapting from these sources, the list of five levels for the TTCRT was 
developed. They assess the application strategy adopted by the company 
for each considered SBMA in the considered PLPs. A refinement of the 
levels definitions was implemented during Action Research phase. They 
are portrayed in Table 2. 

4.3.3. The know-how section 
In the development of the know-how section, the first step involved 

identifying the digital technologies to be considered. For what concerns 
the Smart Manufacturing digital technologies, the list proposed by 
(Mabkhot et al., 2021) was adopted. It encompassed all the technologies 
impacting the SDGs. The only modification made in this work is the 
exclusion of Cloud Computing technology, as it is regarded as an enabler 
of the other technologies. 

Two additional categories of technologies were taken into account, 
basing on (Wagire et al., 2021): (i) value chain and processes technol
ogies and (ii) product and service-oriented technologies. The specific 
technologies within each category remained consistent with those out
lined in (Wagire et al., 2021), with one notable change. The digital
isation of production equipment was taken away from value chain and 
process as it was already considered in this work within the Smart 
manufacturing technologies section. Each technology is crossed with a 
different PLP, as illustrated in Table 3. 

Regarding the criteria for assigning grades, the I4.0 maturity model 
proposed by (Santos and Martinho, 2020) was adapted. These adapta
tions were made to align with the specific focus of this work on the TT. 
Subsequently, they were further refined during the Action Research 
phase. The grade assignment criteria are as follows:  

• Level X: the technology is not applicable in the considered PLP.  
• Level 0: No implementation of that technology in that PLP or its 

implementation does not consider ESP.  
• Level 1: Pilot actions are in place to implement that technology in 

that PLP or, alternatively, the technology is well implemented in that 
PLP but with no ES objectives. Nonetheless, there are associated 
collateral ES benefits resulting from the considered improvement 
mechanism.  

• Level 2: Implementation of the technology in that PLP is initiated and 
ES benefits are observable. Alternatively, the technology is well 
implemented in that PLP for other primary purposes, but conscious 
secondary aspects related ESP improvements are enjoyed and 
measured.  

• Level 3: Advanced and mature implementation of the technology in 
that PLP mainly for ES purposes, resulting in clear ESP benefits. 

5. Twin transition cosmetics roadmapping tool application and 
refinement 

Action Research phase of the TTCRT development was conducted in 
an Italian cosmetics SME specialized in the creation, development, and 
manufacture of make-up products. During this phase, the refinements to 
the TTCRT previously discussed were implemented. As outlined in the 
methodology section, it required only one cycle of refinements to attain 
a satisfactory version of the tool. The results presented in this section 
stem from the application of this refined version of the tool. For the 
application of the TTCRT, a specific type of mascara was selected. The 
choice was made in consultation with the company, as the selected 
mascara ranks among their most produced and sold products. Thus, 
applying the tool to this particular product is valuable for the company. 

5.1. The know-why phase 

This section was tested by administering a survey to 13 people 
occupying managerial positions within the company to identify the main 
drivers and objectives.  

- Objectives. The company was unable to provide specific quantitative 
targets. However, it exhibited a heightened focus on the following 
SDGs: (i) utilization of clean and renewable energy; (ii) preservation 
of life on earth and underwater.  

- External drivers. The primary external motivations that emerged are: 
(i) responding to climate change; (ii) satisfying the growing 

Table 2 
Definition of the levels of application strategy for a SBMA in the considered PLP.  

STRATEGY DEFINITION LEVEL 

Not applicable It is outside study boundaries, or it is not possible 
to apply the considered SBMA to this PLP. 

X 

No strategy Actions are not taken or are exclusively driven by 
the need to be compliant with laws and 
regulations. No targets are defined. 

0 

Defensive strategy Actions are focusing on risk and cost reduction. 
Mainly the economic dimension is considered. 
Environmental targets are not defined. 

1 

Accommodative 
strategy 

Actions are taken considering an ESP 
improvement approach and are mainly market 
driven. A Life Cycle Thinking approach is partially 
considered. Targets are clear but conservative and 
processes are partially monitored. 

2 

Proactive strategy Actions are taken considering an ESP 
improvement approach. The company 
continuously seeks to integrate the sustainability 
vision by anticipating market requests embedding 
a Life Cycle Thinking approach. Targets are 
ambitious and processes are continuously 
monitored. 

3  
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significance of environmental considerations among customers. 
Other external drivers, though somewhat less significant than the 
former two, still hold notable importance. These are: (i) anticipating 
market trends; (ii) anticipating regulations; (iii) responding to a 
stakeholder request.  

- Consumers. The main sustainability aspects influencing consumer 
preferences are identified as: (i) the recyclability, biodegradability, 
or reusability of the product and (ii) of the package; (iii) usage of 
more sustainable raw materials. Other influential drivers, though 
somewhat less important compared to the former three but still 
relevant, encompass: (i) ES during the production phase; (ii) sus
tainable product disposal processes.  

- Internal drivers. For what concerns motivational drivers, the 
following were identified as most relevant: (i) the attainment of ES 
certifications; (ii) the development of a higher value offering; (iii) the 
reduction of operational costs. Regarding lever drivers, the most 
relevant were identified as: (i) willingness to introduce technologies 
to optimise ESP; (ii) presence of a corporate sustainability strategy. 

5.2. The know-what phase 

The compilation of the know-what section was accomplished with 
the active involvement of the company board. Notably, Consumer-use 
and post-consumer-use phases were excluded from the analysis, as the 
company lacks visibility on these stages. Furthermore, the coverage of 
the packaging phase by the company is limited only to the filling pro
cess. Concerning “Adopt a stewardship role” SBMA, it became evident 
that the company is more influenced than it is influential, moreover by 
the pressure coming from the market. This is the reason behind the mark 
assigned for that SBMA in Table 4. 

The average grade attained in the assessment is low. According to the 

managers, this can be attributed to the fact that the journey of the 
company towards ES is still in its early stages. For each row and each 
column, the average is computed on all the numbers appearing in the 
specific row or column. The “Xs” are excluded from the computation. 

The stages in which the company exhibits relatively better perfor
mance are (i) Manufacturing and (ii) Design, both achieving an average 
grade of 1. Follow (iii) Packaging (0,67), (iv) Sourcing (0,5) and (v) 
Distribution (0,2). This outcome is partly consistent with the results 
from the know-why. Indeed, the selection of raw materials during the 
design phase was among the main drivers coming from customers. 
Conversely, ES in production was not as crucial but still hold relevance. 

For what concerns the SBMAs, the most widely implemented ones 
are: (i) “Create value from waste” with an average grade of 1,2; (ii) 
“Maximize material and energy efficiency” with an average grade of 0,8; 
(iii) “Substitute with renewable and natural processes”, with 0,8 of 
average. It is worth noting that the first and the second SBMAs are 
strongly related to “reduction of operational costs”, which had emerged 
as a crucial driver. For what concerns the certifications, it emerged that 
the company has a solid focus on product design in terms of raw ma
terials choice but is lacking in other PLPs. 

5.3. The know-how phase 

The table related to the assessment of the technological resources 
within the company was compiled. The same PLPs that were addressed 
in the matrix of the know-what section were also considered in this 
context. Results are shown in Table 5. 

The company has implemented very few digital technologies to 
support of GT. This can be attributed to two primary factors: (i) the 
company is at the initial stage of embarking on its journey towards GT; 
(ii) Until now, the company has primarily focused on other aspects of 

Table 3 
know-how technologies matrix.    

Design Sourcing Manufacturing Packaging Distribution Consumer 
use 

Post-consumer 
use 

Smart Manufacturing 
Technologies 

IIoT        
Big Data & Analytics        
Simulation        
Augmented Reality and Virtual 
Reality        
Additive Manufacturing        
Horizontal & Vertical System 
Integration        
Autonomous Robots and Cobots        
Identifiers like Bar code, QR code or 
RFID and RTLS        

Value chain and process Digitalisation of vertical value chain        
Real-time monitoring and control 
technologies        
End-to-End IT-enabled planning and 
steering process        
Digitalisation of horizontal value 
chain        

Product and service-oriented 
technologies 

Blockchain technology        
Smart Product        
Additive manufacturing for 
prototyping        
Mobile devices and Wearables         

Table 4 
Analysed company know-what matrix.   

Design Sourcing Manufacturing Packaging Distribution 

Maximize material and energy efficiency 0 1 2 1 0 
Create value from waste 0 1 2 2 1 
Substitute with renewables and natural processes 2 0 1 1 0 
Adopt a stewardship role 0 0 0 0 0 
Encourage sufficiency 2 0 X 0 X 
Environmental Sustainability certifications 2 1 0 0 0  
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ESP and has yet to substantially address the TT. 

5.4. Roadmapping phase 

The roadmap developed for the analysed company primarily focused 
on evaluating the potential deployment of digital technologies to 
improve the current situation. This was necessitated by the aforemen
tioned absence of the previous TT interventions. 

One of the prominent external drivers identified is the willingness to 
reduce environmental pollution. The limited TT interventions that have 
been initiated, as assessed in the know-how phase, mainly concentrate 
on the manufacturing phase. The company was advised to advance its 
ongoing pilot simulation initiatives, with the objective of transitioning 
from a pilot project state to an initiated implementation state (level 2). 
Additionally, it was recommended to commence pilot projects involving 
IoT and Big Data Analytics tools in the production phase. This move 
would foster a synergy between data input and simulation-based in
terventions. The SBMA that warranted focus within these interventions 
was identified as “Maximize material and energy efficiency”, with the 
aim of elevating its grade within Manufacturing PLP from 2 to 3. This is 
consistent with the emerged internal driver “reducing operational 
costs”. Finally, the same approach was recommended for the packaging 
phase. 

Regarding the drivers coming from consumer preferences, the know- 
why section underscored the significance of recyclability, biodegrad
ability and reusability of the product and its packaging. These features 
are mainly determined during the design phase. From the know-what 
matrix, it was evident that the company already achieved a commend
able level for the SBMA “Substitute with renewables and natural pro
cesses” within the design phase. Nonetheless, nothing emerged for the 
strategy “Create value from waste”. For the product under consider
ation, the packaging emerged as the most relevant component, due to 
the substantial presence of plastics. It was therefore suggested to 
concentrate efforts on evaluating interventions related to the design 
phase. An example of a possible intervention entails launching pilot 
simulation projects geared towards the development of new packaging 
solutions, with the aim of enhancing recyclability. This proposed 
improvement is also aligned with the identified driver “development of a 
higher value offer”. 

6. Discussions and limitations 

In this work, it has been addressed the need for support in TT by CI 
and the pivotal role that assessment and roadmapping tools can play in 
this context. Thus, it has been adopted a methodology that combines 
SRL and Action research approaches to propose a novel tool tailored to 
support TT in the CI. The results of the SLR on existing assessments and 

roadmapping tools for the TT in manufacturing revealed that out of 268 
analysed works, only 21 propose a model, a framework, or a roadmap to 
assist manufacturing companies in the TT. Notably, the majority of the 
models and roadmaps present in the literature are conceived to be 
generic and not specific for a certain industry. While this characteristic 
provides flexibility, it may also lead to overlooking critical industry- 
specific aspects, potentially reducing their effectiveness. 

Furthermore, it was observed that only in few works a precise 
technical support for companies is provided ((Kristoffersen et al., 2020; 
Lopes de Sousa Jabbour et al., 2018; Miranda et al., 2019; Nascimento 
et al., 2022)). Nonetheless, two of these focus solely on CE, and do not 
encompass other ESP aspects (Kristoffersen et al., 2020; Lopes de Sousa 
Jabbour et al., 2018). In the remaining two cases, only specific digital 
technologies are considered: , technologies applicable in product 
development and Additive Manufacturing (Miranda et al., 2019; Nas
cimento et al., 2022). A tool to fill the identified literature gap, called 
TTCRT, is proposed, which has both theoretical and practical 
implications. 

On the theoretical side, it amalgamates two concepts: the assessment 
of the current ESP and TT of a cosmetic company and the roadmapping 
of a cosmetic company in terms of TT. This union also holds significant 
practical implications as the TTCRT facilitates roadmap development 
based on the results of a structured assessment, ensuring alignment with 
company current contingencies and needs. 

The TTCRT connects all possible mechanisms for improving Indus
trial ES of a cosmetic product throughout its life cycle with the oppor
tunities for ESP through digitalisation. The possible mechanisms for ESP 
improvement are identified and classified to be tailored for the CI. The 
TTCRT also specifies the digital technologies that can be addressed to 
perform ESP enhancement. They are classified into three categories 
according to their role in a company. 

All typologies of technologies relatable to the TT are included. 
TTCRT introduces (i) a new scale for assessing a product ESP across its 
life cycle encompassing all pertinent SBMAs and (ii) a new scale for 
evaluating a company technological implementation dedicated to ESP 
improvement. Improvement in the latter is instrumental in enhancing 
the former, since within the TT framework, superior technological 
implementation leads to improved ESP. Finally, the TTCRT is, at extent 
of the authors’ knowledge, the first management tool supporting com
panies in the TT specifically for the CI. 

From a practical standpoint, the TTCRT can offer substantial benefits 
to CI manufacturing companies, particularly SMEs, by supporting them 
through the TT. The tool assists in identifying the most suitable digital 
technologies for implementation. It also helps to identify their area (in 
terms of PLPs) and purpose (in terms of SBMAs) of implementation. It 
does so consistently with identified opportunities, threats, strengths, and 
weaknesses of the companies themselves. Furthermore, through the 

Table 5 
Analysed company know-how matrix.    

Design Sourcing Manufacturing Packaging Distribution 

Smart Manufacturing Technologies IIoT 0 0 0 0 0 
Big Data & Analytics 0 0 0 0 0 
Simulation 0 0 1 0 0 
Augmented Reality and Virtual Reality 0 0 0 0 0 
Additive Manufacturing X X 0 0 X 
Horizontal & Vertical System Integration 0 2 1 1 0 
Autonomous Robots and Cobots X X X 0 X 
Identifiers like Bar code, QR code or RFID and RTLS X 0 0 0 0 

Value chain and process Digitalisation of vertical value chain 0 0 0 0 0 
Real-time monitoring and control technologies 0 0 0 0 0 
End-to-End IT-enabled planning and steering process 0 1 1 1 0 
Digitalisation of horizontal value chain 0 0 0 0 0 

Product and service-oriented technologies Blockchain technology 0 0 0 0 0 
Smart Product 0 0 0 0 0 
Additive manufacturing for prototyping 0 X X X X 
Mobile devices and Wearables X 0 0 0 0  
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know-why section, companies can better define and understand their 
own drivers towards the GT and the TT. Through both know-why and 
know-what sections, companies can acquire a more defined view of the 
overall opportunities, threats, strengths, and weaknesses they have to 
face in terms of ES. The roadmap phase, enabled by the compilation of 
all the three TTCRT sections, provides companies step-by-step guidance, 
as proved by the real-world application case. This approach assists 
companies in devising a roadmap that aligns with their ES drivers and 
objectives while targeting areas in need of ESP and digitalisation en
hancements. This step-by-step guidance is particularly valuable for 
SMEs, supporting them in overcoming barriers related to a lack of 
technical knowledge and expertise (Horváth and Szabó, 2019; Stentoft 
et al., 2019). 

However, a notable limitation was observed during the application 
case. The know-why and know-what sections of the tool are designed to 
be applied to one product typology at a time. Therefore, if a company 
offers a wide array of products, applying the TTCRT to each product may 
be time-consuming. Thus, it is advisable to prioritise the TTCRT usage by 
applying it to products of greater strategic importance or to those whose 
sustainability is more relevant for the market (e.g., the natural prod
ucts). Alternatively, partial application of the TTCRT, considering only 
one or few PLPs shared among more than one product may be feasible. 
For instance, if a few products share very similar packaging phases, 
going through very similar processes with the same machinery, it may be 
possible to apply the TTCRT to all of them concurrently, considering 
only the packaging phase. 

Nonetheless, this limitation may hinder the TTCRT application in 
micro-enterprises. Furthermore, even if the tool streamlines complexity, 
and even if from the industrial application it did not emerge as too 
complicated to be understood, still it may be too technically intricate for 
micro-enterprises to use it independently. Indeed, the company the 
TTCRT was applied to is a medium enterprise that benefitted of the 
crucial support of the authors throughout the application. 

7. Conclusions and future research 

In this work it was addressed the research objective of developing a 
tool to support practitioners in cosmetics SMEs in performing TT. In the 
proposed contribution the current state of the art of practical managerial 
tools and roadmaps to support enterprises in facing the challenge of the 
TT is investigated. 

The findings of this research revealed that, while some interesting 
and useful tools are available, none comprehensively assist enterprises 
in both assessing their current state and facilitating improvements 
across the entire spectrum of possible digital technologies imple
mentation and ESP improvement modalities. Furthermore, no tools were 
identified focusing specifically on the CI. 

To address this gap, a tool called TTCRT, integrating the principles of 
maturity models and roadmapping tools, has been developed. The 
development of the TTCRT follows Design Science methodology, by 
designing and testing an artifact to solve a defined problem. Specifically, 
the approach followed to implement Design Science methodology 
amalgamates SLR and Action Research. By doing so, it was possible to 
comprehend the state of the art of assessment tools, maturity models, 
roadmaps and frameworks supporting companies in performing the TT. 
Then, the findings of the SLR supported the tool development. The 
proposed tool is conceived to support CI companies, moreover SMEs, 
through four main phases: (i) the know-why phase, involving an analysis 
of the objectives and drivers of the company, (ii) the know-what phase, 
encompassing an assessment of the current level of implementation of 
ES strategies across the PLPs, (iii) the know-how phase, entailing an 
analysis of the digital technologies supporting sustainability imple
mented across PLPs, and (iv) the roadmapping phase, where improve
ment actions for the company can be defined based on the results of the 
preceding phases. The TTCRT underwent validation through an indus
trial case, leading to refinements and improvements in the tool. 

Some potential avenues for future improvement emerged during the 
testing of the tool. One promising direction is to develop a mechanism 
that can automate and customise the application process of the know- 
how section to suit the specific company. This could involve creating a 
mechanism to link different company processes with digital technolo
gies that are appliable to them. This approach would result in a more 
tailored roadmap aligned with the unique features of the company. 

Another avenue for automation could involve correlating targets of 
the company and areas of improvement (PLPs and SBMAs). This 
mechanism can reduce the element of human subjectivity in the TTCRT 
application, empowering SMEs to use the tool more effectively auton
omously, without support by external experts. Indeed, during the testing 
of the tool the company board relied intensively on external support. To 
address concerns about accessibility for micro-enterprises mentioned in 
the limitations paragraph, an alternative less precise but simplified 
version of the TTCRT could be d considered for future development. 
Another avenue for future developments may be the adaptation of the 
TTCRT to create alternative versions of it customised to other industries. 
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