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Digital technologies are widely recognised as crucial for promoting the circular economy
in industry. However, there still needs for clearer guidance for industrial practitioners on
properly using digital technologies to support the implementation of the circular economy.
Further efforts are needed to characterise such a relationship better. This work conducts a
systematic literature review aimed at understanding the nature and scope of the relationship
by examining current knowledge at the intersection of the two domains, i.e. digital technolo-
gies and the circular economy. Specifically, the analysis focuses on identifying moderators
and mediators of this relationship. About the former, the study discusses the relevance of
management commitment, competencies, stakeholders and contextual factors; concerning
the latter, the study discusses the relevance of supply chain integration and collaboration
and examines in more detail the role of digital-enabled dynamic capabilities, given their
promising relevance in the current debate. Based on the review, a research agenda is pro-
posed with suggestions for future research directions on the relationship between digital
technologies and the circular economy.

1. Introduction the topics among scholars, practitioners and pol-
icymakers. The circular economy is a key policy

he challenges of mitigating and adapting to strategy to reduce the environmental impact of soci-
climate change and digital transformation are ety (Gupta et al., 2021); it is a systematic approach
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(Chizaryfard et al., 2021; Susur and Engwall, 2023)
and a paradigm shift (Moreno et al., 2019) from a
traditional linear production and consumption mode
to a circular one. The circular economy can be opera-
tionalised at different levels, namely, micro level (in-
dividual companies), meso level (industrial systems
and networks) and macro level (society or country)
(Kirchherr et al., 2017). Parallel to the debate on
the circular economy is the discourse on Industry
4.0 as a strategic paradigm to further enhance in-
dustrial competitiveness, innovation and efficiency
(Stentoft and Rajkumar, 2020). Digital technologies
are key to the implementation of Industry 4.0 (Costa
et al., 2023; Vimal et al., 2023), as they enable in-
tegrated, adapted, optimised and interoperable pro-
duction processes while also facilitating connections
among stakeholders (Upadhyay et al., 2021).

The implementation of circular economy and the
digital integration in industries have been largely
studied as stand-alone approaches. Still, the literature
started to address them simultaneously, discussing
the relationship between the adoption of digital tech-
nologies and the implementation of circular econ-
omy from a conceptual and an empirical perspective.
Efforts are aimed at understanding if and how digi-
tal technologies in general (e.g. Hojnik et al., 2023;
Wiegand and Wynn, 2023), or regarding a specific
digital technology (e.g. Psihoyos et al., 2022; Rizvi
et al., 2022), can support the implementation of cir-
cular economy in general (e.g. Huang et al., 2022;
Okorie et al., 2023), or with a focus on practices,
such as refurbishing (Assuad et al., 2022), recycling
(Kintscher et al., 2020) or remanufacturing (Bag
et al., 2021b).

The extant literature generally focuses on a direct
relationship between the adoption of digital technol-
ogies and the implementation of circular economy
(Dmitry et al., 2022; Talla and Mcllwaine, 2022),
that is, the assessment of the direct effect of the for-
mer on the latter (Aguinis et al., 2017); several liter-
ature reviews provide a comprehensive summary of
the said direct effect (Atif, 2023; Spaltini et al., 2023;
Toth-Peter et al., 2023). However, guidance for
practitioners on using the wide range of available
digital technologies to implement the circular econ-
omy remains unclear (Massaro et al., 2021). It is
reasonable to assume that the relationship between
digital technologies and circular economy could be
influenced by factors that moderate (influence the
nature of the effect of an antecedent on an outcome)
or mediate (transmit the effect of the antecedent on
the outcome) said relationship (Aguinis et al., 2017).
Regarding the mediators, the literature identifies
the pivotal role of dynamic capabilities, particularly
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those enabled by digital technologies, namely digital-
enabled dynamic capabilities (Cherrafi et al., 2022;
Neri et al., 2023a). To our knowledge, the literature
is characterised by limitations and scattered contri-
butions on mediators and moderators. The scarce
focus could compromise the full understanding of
the dynamics regulating the said relationship (Huang
et al., 2022; Neri et al., 2022) and pose limitations
to the understanding of the digital-enabled business
transformation leading to the implementation of cir-
cular economy (Kristoffersen et al., 2020; Cagno
et al., 2021).

Systematisation of the available information is
urgently needed to distil the evidence from many
studies into actionable insights. Despite the availabil-
ity of several literature reviews on the relationship
between digital technologies and circular economy
(Skalli et al., 2022; Taddei et al., 2022; Voulgaridis
et al., 2022; Toth-Peter et al., 2023), additional
insights are needed (Chauhan et al., 2022), as none
focuses on understanding the relationship and the
related moderators and mediators, including digital-
enabled dynamic capabilities. This work, based on
a systematic literature review, aims to examine the
relationship between the adoption of digital technol-
ogies and the circular economy implementation. We
pose the following questions:

RQ1 What relationship links the adoption of
digital technologies to the circular economy
implementation?

RQ2 What factors moderate and mediate said
relationship?

RQ3 What are the potential lines of future re-
search to shed more light on said relationship?

In this article, therefore, we provide a detailed
overview of the current knowledge base from which
we derive still open questions for a proper under-
standing of the relationship between the adoption of
digital technologies and the implementation of the
circular economy. The review focuses specifically
on the manufacturing sector, which is associated
with key environmental impacts. The manufacturing
sector also leads the way in circular economy imple-
mentation and digital technology adoption (Zamfir
et al., 2017; Zangiacomi et al., 2020).

The remainder of the article follows. Section 2
describes the methodology employed for the system-
atic literature review. Section 3 provides a descriptive
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evaluation of the findings, while Section 4 pro-
vides a qualitative analysis of the emerging themes,
offering an answer to RQ1 (Section 4.1) and RQ2
(Section 4.2). Section 5 discusses directions for
future research, thus answering RQ3 and Section 6
concludes the article.

2. Methodology for the systematic
literature review

For conducting the systematic literature review, we
used the procedure by Tranfield and Denyer (2009)
and Howard et al. (2017). For better clarity and trans-
parency, we used the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
statement as the backbone of our analysis (Liberati
et al., 2009).

2.1. Question formulation and source
identification

To answer the research questions posed, we com-
bined keywords related to digital technologies and
the circular economy. We relied on previous publica-
tions in the same field to identify keywords (e.g. Liao
et al., 2017; Awan et al., 2021a; Cagno et al., 2021).
We limited our search by focusing only on contribu-
tions published in English and published since 2017.
The performed query thus follows: [TITLE-ABS-
KEY (‘circular economy’) OR TITLE-ABS-KEY
(circular) OR TITLE-ABS-KEY (circularity) AND
TITLE-ABS-KEY (digital*) OR TITLE-ABS-KEY
(digit*) OR TITLE-ABS-KEY (‘industry 4.0’) OR
TITLE-ABS-KEY (i4.0)] AND PUBYEAR>2016
AND [LIMIT-TO (LANGUAGE, ‘English’)].

The keyword search of the Scopus database was
performed on 21 June 2023. The Scopus database is
considered appropriate as it is one of the major sci-
entific databases (Gusenbauer and Haddaway, 2020)
and the largest multidisciplinary database (Visser
et al., 2021). We retrieved 4,379 contributions. We
eliminated contributions for which relevant infor-
mation needed to be provided (no author/title
Information) (n=235), obtaining a set of 4,144 con-
tributions considered for the source selection.

2.2. Source selection

According to the PRISMA methodology, the source
selection process has three stages: screening, eli-
gibility and inclusion (Moher et al., 2009). Each
phase can be subject to bias due to personal selec-
tion. To increase the validity of the process, source
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selection was initially carried out separately by three
of the authors of this study and the results were then
compared to reach a common agreement (Thomé
et al., 2016).

The screening phase is divided into a Title
Analysis and an Abstract Analysis. The Title Analysis
was performed by manual coding, and suggestions
were made to exclude contributions considered irrel-
evant to the present research. Each contribution was
assigned a code according to its content; where nec-
essary, the number of codes was reduced by merging
them according to associations, similarities and over-
laps. To minimise bias, three authors independently
categorised each contribution using their codes and
later agreed on the specific terms to be used. At this
stage, 3,712 contributions were excluded, mainly
related to sectors other than manufacturing, such
as Construction and Agriculture, focused on topics
outside the scope of the research, such as Medicine,
Biological ecosystem, Electronics, signals and optics
or miscellaneous. Contributions focusing only on
circular economy or digital technologies were con-
sidered out of scope. The same applies to contribu-
tions addressing only the macro level, as a region
or country. In all, 432 contributions moved to the
Abstract Analysis, after which 161 were excluded by
applying the same reasoning as for the Title Analysis.
An additional exclusion criterion was applied at this
stage, as 16 contributions were not accessible to us,
in line with Carrera-Rivera et al. (2022). After the
screening phase, 271 contributions entered the eli-
gibility phase.

Eligibility was assessed by Full-text Analysis,
after which 102 contributions were eliminated,
resulting in a set of 169 contributions. An additional
exclusion criterion was introduced at this stage, as
14 contributions, though related to the topic, needed
to provide more insights and implications to answer
the research questions, in line with Carrera-Rivera
etal. (2022). Following the suggestion of Heckathorn
and Cameron (2017) and Page et al. (2021), we
applied the snowball method to the set of 169 con-
tributions. The snowball method suggests retrieving
new contributions for analysis by examining the
references and the citations of an initial set of con-
tributions (Wohlin, 2014). Therefore, the method is
considered interesting in complementing system-
atic literature reviews. Snowballing allowed for the
identification of one additional contribution, namely
Acerbi et al. (2021), resulting in 170 contributions in
the literature analysis.

Figure 1 shows the complete list of codes related
to the excluded and included contributions during the
different phases.
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Figure 1. PRISMA methodology.

2.3. Source evaluation

The 170 contributions in the final set were analysed
according to critical dimensions based on a content
analysis (Engert et al., 2016). The following were
considered: general information, context and con-
tent (see Maestrini et al., 2017; Neri et al., 2022).
For the content analysis, we focused on the digi-
tal technologies and circular economy aspects that
were considered. To coherently summarise the
existing knowledge, we reconducted the digital
technologies to the families proposed by Riifmann
et al. (2015) and Neri et al. (2023b), and the cir-
cular economy aspects to those proposed by Rosa
et al. (2020) and Cagno et al. (2021), complement-
ing them with additional entities emerging from the
reviewed contributions. Table 1 shows the complete
list of considered entities and their interpretation.
The analysis is reported in Tables 2 and 3 for litera-
ture reviews and original contributions respectively.
We complemented the source evaluation with the
analysis of additional axes (see Appendices A
and B): motivation and contribution, findings,
limitations, future research, type of relationship,
mediators and moderators and details on dynamic
capabilities.
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2.4. Data analysis and reporting

The analysis was carried out as a descriptive review
to identify quantitative trends and a content analysis
to identify emerging themes for a qualitative evalua-
tion of the research findings. To increase the process
validity, three authors carried out data analysis sep-
arately, and the results were then compared at a sec-
ond stage until agreement was reached. The analyses
helped to identify key messages and areas for further
research.

3. Descriptive analysis

This section provides a descriptive analysis of the
170 contributions included in the final set according
to the main axes of analysis presented in Section 2.3.

3.1. General information

The temporal distribution of the contributions under-
lines the growing interest in the topic (Figure 2),
especially from 2021 onwards.

Most of the reviewed contributions are jour-
nal papers (84%; n=142), while the rest are

© 2024 The Author(s). R&D Management published by RADMA and John Wiley & Sons Ltd.

85U017 SUOWIWOD 8A 8.0 3|l dde 8y Aq peuenob e saolle YO ‘8sn JO S8|nJ 10} ARIqIT 8UIUO A8]IM UO (SUORIPUOD-PUE-SWLY/LI0O" A3 | 1M A1 1jpU1 [UO//:SANY) SUORIPUOD pUe Se 18U} 88S *[7202/60/c0] UO A%eiqi8ulluo AB|IM 91 Aq ST/2T Wpel/TTTT 0T/I0p/woo A3 | Akl jputjuoy/sdny woly pspeojumod ‘0 ‘0TE6.9T



14679310, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/radm.12715 by Test, Wiley Online Library on [03/09/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Digital technologies and circular economy

(senunuo))

(51202) "Te 12 Seq ‘(L107) Te 12 LoyydIry
(020?) uoisstwwo) ueadomy (8107) ‘¢ 10 ALOYO

(6107) '[& 12 AoIRYSYOY
“(+00¢) uede[ JO JUSWUISAOD) JUSWIUOIIAUF Y} JO ANSIUTIA

(1200) Te 10 Sroquarsiey “(110T) 12 (0T0T) ‘T8 10 esoy
(1200) T8 10 ouseD (0T0T) '[e 10 esoy

(€£207) "Te 10 opuewIdg *(1707) Te 1 IAZRY “(L10T) Te 10 LayyIry]

(0207) T2 10 eSOy “(L10T) Te 30 Sumod

(0T07) '8 12 BS0Y “(£107) '[& 19 SI9GIRD-Z)IUYISIH

(0T02) "Te 19 YapezIynoy| ($10g) UoNEpUNOg INYLIYIRA US[[
(L10T) Te 10 Bumod “(L107) "Te 12 LoyydIrsy

(020T) T2 10 BSOY “(L10T) Te 10 Sumod

(£207) "T# 19 OpuBLIS]
{(2202) T8 12 1pIeYqen) “(S10T) UONBPUNO,] INYLIYORIA US[[

(0200) T2 10 BSOY “(L10T) T2 10 Sumod
(0T02) "Te 12 BSOY “(L10T) '[e 12 Sumod

(0T02) e 12 BSOY “(L10T) '[8 32 Sumod
(L10T) T2 30 Bumod “(L107) ‘Te 12 Layydarsy

(£207) neaIsen
pue zug ‘(1202) ‘e 1 s2doT-qoorf *(0Z0T) ‘Te 10 vsod

(1707) T2 30 'Uad “(1707) ‘e 10 L3N
(220?) Te 10 SuRL (1100) J°d

(0T02) "Te 10 BSOY “(0T0T) T8 1 SOfo[[BA sESAUA
(£202) ued pue uenx ‘(120g) ‘Te 10 ouse) ‘(0T0T) ‘e 10 esoy

(220?) T8 10 nX “(120T) dwweisold
JUSWUOIIAUF SUONEN pPaiun) (qrzog) Te 19 ueysy]

(120T ‘0207) UosteL, pue 1q100y
(2207) " 19 oIRYuId “(9107) T8 19 OUSIOIN

(0T02) T2 12 BSOY “(0TOT) '[2 19 194120PSSID

JIOA0D91 ‘9194031 “asodindar ‘armyoeynuewal ‘Ysiqinjar ‘aredar ‘osnar ‘@onpar YUyl ‘osnjoy

9[okoar ‘osodindar ‘armoeynuewar ‘YsiqIngal ‘aredar ‘OsnaI ‘OoNPaAI YUIYIAT ASNJOY
Q[0£231 ‘asnar ‘donpay

L UOTIEQIO ANTEA JO MU ) Je J1Jouaq JOWOISNO [enpIArpul oy aoefd pue
SQJIAIOS USALIP-BIEp Jo/pue s1onpoid JuaSI[oIur urejuod jey) swojsAs Uonead dnfea Panuad-uLiojeld,

ureyo A1ddns e Jo 1xu0d oy ur s3oadse Awouoss e[naao jo uondope ayy,

suInax 1onpoid o[puey 0) $92IN0SAT JO
asn 9ANodYR ay) Surpnpour ‘ureyo Ajddns e ur ooe[d oye) 1By} SIUSWIAOW ISIIAAI 0) Paje[al suonerad

JOUMO QUIES Y]) 10 IyIoue
£q ‘uonouny [euISLIO )1 S[IJ[NJ PUB UOHIPUOD POOS UI [[1S ST ey 1onpoid pagreyosip & Jo asnar Ay [,

.$201m0sa1 Jo Indut SS9 (IIM An[eA (JIWOUOII) AIOUI, JO UOTBAID AL,
93ueyoxa ‘esirenia ‘doof ‘estundo ‘areys ‘derouadoy
suonouNy [RUISLIO SII YIIM Pasn 9q Ued J1 0s 1onpord 9A1Jap € Jo dourudUIEW puk mredor ayj,

uornouny awes ay) ym jonpoid 1ayoue ut 3onpord paSreyosip e jo sured Jo asn oy,

[eyded [eInjeu 210)SaI pue AeIouaday
21ep 0y dn 31 SurSutiq jonpoid pjo ue Jo 2101s21 A,
Iojem ‘STRLIoJEW MBI ‘ATIOUD “5°0 ‘SO0IN0SAI [eINJeU JOMIJ JO oSN dY],

Ayirenb 1omof 1o s oy Surureiqo ‘sesodind
19130 10 [RUISLIO Q) J0J SOULISANS 10 S[eLIdIeW ‘s)onpoid ojur passaooidar are sferIajewr jsem ay [,

punoduod [edTAYd01q d[qeNn[eA JO ASIOUI JO 20INOS B S& PIsn ST JeY) 9)Sem [,

LOJ11 $11 Inoy3noayy ss2001d 10
3onpoid & Jo $90uanbasuod [B100S PUE [RIUSWUOIIAUD ‘OTWOUOI dY) SIpN[oUl Jey) Suryuny jo Aem dyf,

(sa13a1ens AWou0o9 1M Jo suoneorjdwr [eiuawuos
-1AUD Q) pueisiopun d[oy Ued YOTYM 90TAIS 10 1onpoid e Jo 9[0Ad oJI[ oY) YIM pajeroosse syoedur
oy Surssasse 10j AFo[opoyaur paseq-edudlds pue (900Z:#+0 1—0r0' 1 OSI) POSIPIRPULS © ST,
1oedwr [RIUOWIUOIAUD oY) SursTwIuIw e pawre uonerado
wosAs 1o/pue juswdoroaap jonpoid ur paAjoAur saniAnoe SuLesurSus pue uSisap ay) o3 yoeoxdde oy,
$50001d 9sNAI 10 dIMOBINULLIAT
‘redar 9yeyifIoe) 0 sjonpoid woly sAIquIAsSe 10 SJuauodwiod UIelIdd 9AOWAI 0 $$90J. 0) AJ[Iqe Y,

Aemaa Armn SuLeAr[ep pue asn 9o1nosar Suroerdsiq,

Awou059 TenoId Ay) Jo sojdrourid oy MOT[0F JeY) SAOTAISS JO s)onpoid Jo saseyoing
.SpPa2u  SIOP[OYEIS J2awW 0} 12p10 ul padeys Ik Jey) SANIANOR [BUIAXD PUL [BUIAUI SIdINORJNURW
uo Surkar £q ‘sdoo] $90IN0SaI Y SO[O 0) PUE SA[OAD I SIIINOSAI PUIXA 0} ‘UONdWNSUOD SAIINOS
-3I 90NPaI 0} S[QBUS YIIYM ‘SOISa1enS SULINJOBINUBW JE[NOILD JUSIOYIP Jo uondope JuaLnouod ayJ,
ssao01d uSisop oy oyur sapdourid Awouodd JemnoIrd Surppaquig

W9ISAS [RUOTEBSIURSIO UB JO JNO UOISSIUD PUE 9)SeM 9Y) pue ojul syndur 90I1n0sal oY) 90npal
0 sdoo] A310u0 pue [eLRIeW SulsI[eLId)RWOp Jo/pue SUIKJIsuaiul ‘Surpud)xa ‘Surfokd spopow ssauisng,

SYOT
S46

SYe
UOTIBSTIAIIS
‘SAOIAIRS pue
syonpoud jrewg

ureyd Addns renoa)
SO1SISO[ 98I0AdY

asnoy
KSUDI01JJ9 90INOSAY
HATOSd

aredoy

aInjoejnueway

Q)BIUATY
Usiqmyoy
0npay

J[okooy

JOA0Y

(Bunyury) 9[94 1]

JUQWISSASSE A[OAD 9JI]
SunmjornURW USAIN

Kjquuassesiq

uoneuojsuen [ensiq
JuawaIndo1d Ie[noI)

Suumoeynuewr
Ie[noIr)

ugIsop Je[noa)

[opowt
ssouIsnq Je[noI))

sy0adse Awouoosa 1e[noI)

saouarayal Suntoddng

ﬁomumuuuauuuﬁa

SUONNQLIUOD POMIIARI 9y} WOI) SuISIowd sarojouyo9) [eSIp pue sjoadse AWouod9 Ie[noIr) ‘I AqeL,

R&D Management 2024 5

© 2024 The Author(s). R&D Management published by RADMA and John Wiley & Sons Ltd.



14679310, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/radm.12715 by Test, Wiley Online Library on [03/09/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(1202) "Te 10 ouseD “(020T) ‘T 19 eSOy “(S10T) '[E 10 uuewgnyy

(120T) T8 10 ouse) (0z0T) 'Te 12 duedeSer] “(G107) 'Te 12 uuewgny
(€200) eA1peIRyg [NjeId ((€207) ‘T8I0 seuue)
(1202) "Te 12 ouseD (0z0T) Te 10 BIe]-2a19d (ST0T) ‘T8 12 uuewgny

(120T) Te 10 ouse) (L107) 'Te 12 HISeN “(ST0T) & 10 uueugny

(€£202) "Te 10 UIpoIeIAL “(0ZOT) [& 32 OF[epIH

(€202) "Te 10 nuodeg “(qzz0g) T8 19 YIARY (12707) T8 10 our)

(1202) Te 10 Sua( “(1207) T8 12 ouer)

(qZZ0T) T8 19 YIUuat0[d *(1Z0T) e 19 WIoSIpY

(1202) "Te 19 OIYI9A [2d “(010T) '[® 19 BUBMLL,
(€£200) Y0910 pue Xeg (q2z0T) ‘T8 19 IyoydrIemoH
(1202) Te 10 0use) (L107) 'T& 30 Z1eYdS “(S10T) & 10 uuewgny
(020T) 'Te 12 BSOY *(0TOT) USPPOY PUB UUBWSIID

(S107) Te R
uuewgny ([107) 2duUeLID pue [P ‘(1207) 'Te 10 ouse)
(€200) Te 10 nerys “(£207) eApereyg [nyeid (41z0g) e 10 uemy
(1202) "Te 19 ouseD (9107) 'Te 10 OMEN 9 “(STOT) Te 10 uuewgny
(T20T) Te 12 0T “(8107) 'Te 12 BAPIEA

(L107) "Te 19 LeqV “(ST0T) T8 10 uuewgny

(1202) "Te 10 ouseD (S10T) Te o unewgny (g[0g) 1o pue ony

(€200) eA1peIRyg [NJEId ((£20T) ‘T8I0 seuue) (e1Z07) e 1o Seq

3ueypd 1eorsAyd oy Sunuowdrdwr a10joq swasAs Jurstundo pue Funse) Furmoy
-[e ‘sfopow [emuiA ur (sSuroq uewny ‘sauryoew ‘syonpoid) prrom [esrsAyd o) Jo uonod9[jaI dwn-[eay,
SuBwNy YIm yIom dNoIqUIAS € pue ssadoid
Sup[eW-UoISIOAP SNOWOUOINE AY) MO[[E SIIUN [0IJUOD PUE SIOSULS ‘sTuIdq uewny yPim Jeradood
0} puE IOUI0 Yord YIIM JorIaIul 0) ‘A[snowouoine A[a1o[dwos ajerado 0) 9[qe, sweysAs Surrmorejnuey

QOUTI[[AUI [RIDYILIE JO P[AGNS © ST JUTUIRI]
auyoew ‘swaqoid Jeaurj-uou a[puey pue eep 31q a3eurw Apuagijiur pue Ajpider jey) sonbruyda],

.s101ddns ‘s1owo)snd ‘srarmoeynuew ‘syueyd ‘sjonpoid Sunjuly Jo sueow
Aq suL1ly SUOWE I0 UIYIIM UIRYD IN[BA PIAJBWOINE UR SUI[qRUD YI0M]OU UONRISUL BIRp [BSIOATU(),

 SUOTIEOTUNUITIOID[9) SSO[QIIM UISPOW JO SN ) YSNoIy) $192(qo 10 STUTY) ‘SA01AP
‘o1doad Suowe vyep jo a3uryoxd pue UonI[0d ‘UoneIddood ‘UONILIANUI AY) SUIMO[[E SAISO[OUYd],,

(sreroydirod pue aIempirey ‘aIem)Jos Apnjoul Jey) sI2INOSAI [eIIS0[0UYda,,
soseyd 901108 pue uonerado oy ur
suorstoap 1oddns 03 pasn Ajurew st 1 —  Aijear [eorsAyd jo ‘uonejuasardar emuaia e -o1 ‘eorjdar rensiq,
soseyd uSisop
o) ur pue uonIsMbor OY) UT SUOISIOAP PAULIOFUT 2)ea1d pue 1roddns 0) pasn Afureur s1I1 — SIS0
-01d oy soeuew A[[ei3ip jey) $50001d SULIAUISUD SWA)SAS poIRISIUI UL SAQLIDSOP peaIy) (eI,

Surgokoo1 0) uStsop woy Jonpoid e Jo 9[0£d FI] AINUS Y} 0) PAIE[OI UOTBWLIOFUT SUTEIUOD JBY) [00],

Qreradorayur Loy yorym y3noayy
SQOBJINUI ) pue 11 (PIm Ae1adoIaul Jey) sONpowW Y} Aq pareys Alfeuonouny 9109 sapiaoid 1ey)
waSAs paseq-oIem1jos B Jo aseq 9pod A[QISUIXA Ay Jo Funsisuod suofie[d [BUIAIXS Paseq-aIemijos,
suors1oap ojeridordde oyew pue syuowosoxduwr 1oy skem
puiy ‘sonsst d[qissod 101paxd 03 pardde aq spoyrour oy ‘sure)yed 1oA0oun 0] BIEp ISATRUR 0} SPOYIAN
eIep jo ANfiqe[reae pue ALISaul ‘A)enuopyuod Suimol
-[e QUaWUOIIAUR 12945 21 Jo uonosjoid 2y Juredyuerens sarorjod pue saureping ‘S[oo) ‘sAIFo[ouyd,

JUQWIUOIIAUD [ed1sAyd Iy yim joeIaur
PUE 110 OB (1M 2)BOTUNWILIOD ‘S)IUN [ONUOD [RIAIS JOAO PAINGLISIP Ik Jey]) SW)SAS pappaquir,

(SIQAISS IO SYIOMIAU SB [ONs $32IN0S
-0I PAIEYS 0} SSAIIE JIOMIOU PUBWIAP-UO PUE JUSTUSAUOD ‘dAIseAIod SUIqeud S[opOw [EINIOaIydIy,

JUSUITIOITAUD J)IeW oY) pue suonerado pue souewtojrad s uonestuesio ue Jnoqe
eyep Suntodar pue ‘FursA[eue pue uonewIojul [njosn Surinboe 10y sa1Sojopoyjow pue sAIS0[OUYII],

oN[eA OJUT pauiojsuen) SuTaq J0J SPOYIoU [BINATEUE pue
KSofouyo9) oyyroads Surrmbar ‘K1orrea pue £)100[oA ‘QuIN[oA Y31y AQ PasLIgIOBIBYD $JSSE UONRWLIOJU],

JUQUIUOITAUS SULINJOBJNUEW € UT s)se) uononpoid pue s3ssa001d JUQIJJIP S[PUEY 0} SOITAIP
JIUOII[Q JAYJO puk $)0qo1 ‘sINNAWOD SE Yons SWSAS [01UOD JO SN dY) SI UOHEWOINE [eL)sSnpuy,

BJEP UOTJRULIOJUL
[emuia ySnoayy sededs [eorsAyd [enmoe uo pasodwnodns sooeds [eniaiA ss900e 0) S|00) [BNSIP JO 95}

Jerejew ) Sur
-IoAe[ pawiojiod uonesLIqe) YHIim ‘s[ppout pausdisop papre-1oindwod woiy APIIIp SWal Jo UoNINpPoId,
Sunndwos [orrered Suruwiograd os[e [Iym suewny o) syse)
Teqruars ysijdwodoe ues, pue ejep [eoLoIsty Aq papraoid 9oudriodxa oY) Woly UWIed ued, Swasks
3say [, * . Sursseooid oFenSue] feinjeu pue uoisia ‘yodads se yons soyorordde y3noy 210w pue orpne
09PIA 1XQ) JO WLIOJ OY} UT JUSWUOIIAUD ) M JOBIOIUI Pue dAIed1ad ued Jey) swasAs Jo juowdo[ord(y,

uone[nuIg

$10qOd1 snowouoIny

Surureay ouIYOBN

UONRIZANUI SWISAS
[BONIOA/[BIUOZIIOH

sSuy) Jo Jouruy

K3orouyoo)
UOT)EOTUNUITIOD
pue uonewLIou[

urm) NS

peaIy [EeNsIq

1odssed
Jonpoud 1endiq

wuoperd rensiq

Sururw ejeq

uIeyoyo0[q
pue A1ndasiaqh)

SWAISAS
eo1sAyd-1294D

Sunndwoos pno)
sonAeue pue

QouaSI[oIul SsouIsng

sonAjeue eyep Sig

uonewony

Kyirear pajuowidny

Sunmoeynuewr
SADIPPY

QoURSI[[IUI [RIOYIIY

sa13o[ouyd9) eNdiq

saouarejar Suntoddng

uonejardioyuy

Alessandra Neri et al.

(ponunuo))

T 31qEL

© 2024 The Author(s). R&D Management published by RADMA and John Wiley & Sons Ltd.

6 R&D Management 2024



14679310, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/radm.12715 by Test, Wiley Online Library on [03/09/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Digital technologies and circular economy

(senunuo))
JUAUIOLIAUT
ayj pun
I8 SOM ‘SNdODS 610-900¢ SSUIY JO jourNU] [BIoURD  OBJNUBIN dr 4Sa.ug ssouisng (B1200) T8 10 uBMY
_presouwry ‘as
6¢l SOM "SNdODS 120T=¢10T [BI2U9D) [eloUR)  “IoBINUBIA dr npgouipisng (1200) e 19 Jnvy
SuLmjoejnuew $8UIP22204 g
o¢T SNdODS V'N SWoISAS UOTIBUWIOJU] IR[NOITD)  "JORJNUBIA D 2ou2.12fu0)  (1707) YOSIEL, pue 1q190y
$3UIP22d0LJ
6¢ 'V'N - 020C AInf [un QOUDSI[AUI [eIOYIIY [eIoUaD) do 20U212f10D (1207) T8 19 19190y
waIsAs [earsAyd-10g40
‘Sunndwod pnopo ‘uon
-e[nuwIs ‘Surured] AuIyoBw
‘$J0qOI SnowouoNe
‘KITeal pojuowisne ureyo Ajddns
‘UTBYIYO0[q ‘SonATeue IR[NOIID ‘[opour
96 SOMm 1202010 ©Iep 51q ‘STUIY) JO JoUINU]  SSAUISNG JB[NI) dr pqouivisng (1200) "T& 10 u23pIqy
1Y24DIS Y
u011oNPOoL
Jo puimoyp
861 SOM ‘SNdODS 810¢—000¢ [BIOURD) [eIoUaD) df [puonvulauy (0202) T8 19 BSOY
Yy
610C UdIe]N ANUISU]
QL1  Ie[oyos onuewRS  —686] Arenuef $10qO1 snowouoINy A[quiassesi(q dr 211217 (0202) 'Te 12 uueWydSOq
SO ‘0osdd [opowt
8L SNdODS 020c—010T [elSUSD)  SSIUISNQ T[N dD  d¥ID pipasoid (0T0T) T8 19 HIMOsL]
$8UIP22204 g (0Z07) uouoddey
V'N V'N V'N QOUATI[IUT [RIOYTIY u31sop Ie[NoII) Ee) 20U242[110) puE TYSIoI0YD)
J3A0D91 ‘9[0Kd31 (0Z02) suyereyseq
€9 SO ‘SNdODS V'N [eIoUaD) ‘asnal ‘eonpay npgouisng puE SEYONSoWA(]
ds ‘oosdd $21UOUOI T (0T07) ersmoreulop
¢ ‘SNdODS ‘SoOm V'N [eJoUan) [eIoUSD) df SutauSuy pue DPIIMD
[opowt
Ie SNdODS 0c0c=S861 [eISUSD  SSIUISNQ TB[NIID dr  saouaiog paiyddy (0200 T8 19 Wory
VL1 SNdODS 8102-000¢ [e12UsD [eIoUSD) dr sa18.1ou5] (8107) 'Te 10 2100
Cl SOM ‘SNdODS V'N [e1ouaD) [e1ouaD) dD  d¥ID vipadoid  (L10g) ‘T8 19 sonodoioSed
pamaraar syoadse BoIR Teak pue sioyiny
suonnqLIuo)) # oseqeie  PAIOA0D SIBOX so130[ouoa) eI  AWOU0d? IB[NIIID) 101008 [eoryderoon  odA) juswnoo [euinor
JuAUOD 1X2)U0D UOTBULIOJUI [BIQUD)

SMITAQI QINJBIANI PIsATeue oY) JO SISATRUE JUAUO)D) T I[QEL

R&D Management 2024 7

© 2024 The Author(s). R&D Management published by RADMA and John Wiley & Sons Ltd.



14679310, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/radm.12715 by Test, Wiley Online Library on [03/09/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Alessandra Neri et al.

1sonQ)oid (121008
‘00sgd ‘ds 020C us1sa( iyl
0F  ‘SOM ‘SNdODS  ATeniqaq [nun [e1oUsD) [eIsUsD) dr  Josduipaasord (Q1207) Te 19 uestAdL],
QImjoejnuUELWAI s10jow
69 SNdODS ‘SO ‘dS 120C-110C [e1oUaD) ‘asnal “[okooy OO/ 3N /YL dr Qupgqouiisng (1207) T8 10 LemI],
(1Z70T) wnrep
€6€  SNdODS ‘SOM 0c0T U [eIoUaD) [eIoUaD) df Spgouivisng puE UUBUIYST-SIIBAR],
Su121s£g
Surnpopfnuv
€9 SNdODS 6102—000C uope[nuig Aquiassesiq HI9M df 0 [puinof (1200) 'Te 19 1ouesses
SuriaauSusy
2]qvUIDISNG
SOM ureyo \w [puinop
€9 ‘SD ‘SNd0DS V'N [eroudny  Addns pasionay df Ipuoyvulatu] (1202) T8 10 1a71g
90¢ SNdODS ‘SO 0c0Tc—¥10C SuLIMOBJNURW SANIPPY [BIoURD  OBJNUBIN dr Qpqouivisng (1202) T8 19 stod
ysIqinyax Surmponfnuvpy
V'N SNdODS 610¢—010C [e1UsD) ‘ImorjnuRaY od 2]qruIvIsng (1200) T8 10 SL0YO
JUUUOLIAUT
Yy pun
69¢ SNdODS 020T=L00T [LES ] [eIsUaD) dr £8am.aig ssouisng (1200) "Te 10 oresseN
1043100
L10T » Sunuu]d (12700) '18 19
4 SNdODS 100300 [DuN) [eIoUD) [eIoUQD) poog dr UONINPOLJ moqqe[ esnog ap sado]
Sunnjoejnuew
AIPPE ‘WISAS [ed1sAyd
-1994Ad ‘sonATeue ejep ureyo $8UIP22204 g
921 SOM V'N 31q ‘s3ury) Jo Jourup A1ddns 1enoa) dD 2oua12fuo)  (1707) ‘T8 19 IYoYdeIRINOH
(12702) olHd
Y01 SNdODS 1202-900C [e1oUsD) [eIsUsn) dr Cupgqouisng Ppue 39134 =
ureyo
A1ddns 1enoarn
‘UOTJBSTITAIOS
‘SOJIAIOS pue
syonpoad jrews
‘Kouaronyye
90IN0SAI ‘aIn)
SuLmyoeynuewr -oeJnuewal
QATIIPPE ‘$J0qOI SNOWOU0) “a10Ada1 ‘A1q
-ne ‘K)iear poyuowne -WSSBSIP
‘uone[nuIS ‘uoneIour ‘uoneuLIojsuen
SUWIAYSKS [BO11IOA/[B) [eN31p ‘[opowt
-UOZLIOY ‘Ureyoyo0[q ssouIsnq Je[no
pue AJLINdas19qAd ‘Sut -110 ‘asnal ‘(3ur
-ndwod pnopo ‘sonkfeue -yuIyy) 9949
99 SNdODS 120¢-000C  ®ep S1q ‘sui jojpuru]  JIT HATOSOY  1oRjnuey dr  saoudiog paiddy (1202) 'e 12 ouse)
POMIIARI syoadse BIIR Ie9A pue sIoyiny
suonnqIIuO)) # oseqeie  PAIA0D SIBOL so13o[ouyo9) [  AWOu0d? Je[NdII) 101008 Teoryderoan  od4) Juowndo [euInof
JUUOD) 1X)UOD) UOTJEWLIOJUT [BIOUD)

(panunuoD)

"¢ AIqBL

© 2024 The Author(s). R&D Management published by RADMA and John Wiley & Sons Ltd.

8 R&D Management 2024



14679310, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/radm.12715 by Test, Wiley Online Library on [03/09/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

2 (o)}
N
g 3
m S
= §
m (sonunuo)) S
Sn
= urey) fjddng g
Q Ie[noII)) ‘AdUdrd Ma
= SIOYI0 -1JJ0 921N0SAY
s pue sourL] 2 asnay w
- Io[Ae], ‘paINand QouagI[eur “QInjoRJNUEIY] =
S ‘a1o[dx g4I [eroynIe ‘Surnjoejnuewl ‘A[quiassesIq JUUISDUD A
So ‘SOM ‘wIoJup o>§%vm ‘sonATeue ejep ‘(Bunyury,) Sunyayvpy
= Iel /19V ‘sndoog 1202—010C 1q ‘s3uIy Jo Jouru] e ENS| dr [pLasnpuy (2200 1810 219
M Wo)SKS
S [eorsAyd-10qA0 ‘Kjipeax
S pajuowsne ‘Sunndwod .
~ PNo[o ‘ureyoyoolq ‘sguryy 23uny) =
S JO JoUINU] ‘sonA[eue ejep p1208 pun =
o SNdODS 319 ‘Surures| auryoew SunsvI210.] m
..Dz €l ‘SOM ‘SO 1202—010C ‘20UdSI[[AIUI [BIYIIY [eIsUsn) dr «5ojouyrap (TT0?) T8 10 ueynEYD %)
JUWIIDUD ] <
2oupuLIofiag by
up IS
b.:_.zusﬁka =
o puwmop £
691 SOM V'N [e1ouaD) [eIoUOn)  ‘JoRJNUBIA dr [puoyvULIU] (220?) 'Te 12 njSoewing =
6L  SOM ‘SNdODS V'N 2SS [eloURD  JoBJNUBIN dr Spgouivisng (2T00) T8 10 UBMY m
JUPWISHUD <
20UDULLOL12] =
pup ADn
Qraonpold 2%
Jo puanop =
9¢l SOM ‘SNd0DS V'N [eIoUaD) [eIoUaD) df [puonvuLdu] (e7T00) T8 12 [emeISy M
JUUIUOLIAUT m
ayj puv =
o1 SNdODS 0c0C-110C [eIoU2D) [eIoUdD)  SONSISOT] dr 4Sawug ssouisng (9TT07) "B 10 [EMEISY ml
JruyIa] s
-AN21UISUJ m
V'N V'N V'N uodssed yonpoxd [ensiq [eIoUaD) df -anuIY ) (1202) "Te 10 uaprepmy g
Joysso1) uononpoiq S
..OUm.mm A2UD3]) m
VN das ‘som VN ureydYoolg [e1oUSD) df 4o ppuinop (1200) T2 12 Aefypedn a
A3orouyody 3
UONEIIUNWWOD PUL =
020T UONRWLIOJUI ‘SonATeue 2
L SNdOOS tequiardog [huf)  wIEp 51q ‘STUly) JO Joutau] [eIoUaD) sfdnp dD  d¥ID pipadoid (B120T) T8 10 ues1AdLg, L
<
PoMIAI sjoadse BAIR 1824 pue sioyiny M
suonnqIuo)) # oseqeie  POIOAOD SIBOX sorSojouyo9) [eSiq  AWou0dd Ie[noIr) 101005 TeomyderSoany  od4£) Juewnoo(g [euInof °
=
JUAUOD 1XQUOD UONBWLIOJUT [BIOUID) M
=
Q
(Ponunuo)) ‘g AQEL ©



14679310, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/radm.12715 by Test, Wiley Online Library on [03/09/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

202 JuowaInoold (zz07) woyoddy
68  SOM ‘SNdODS Iequaldog [nuf [eIoUaD) Te[noIID dr upgouivisng pue galoy
Kouaroryyo
92IN0SAI “9In)
-oeJnuewal
9[0A031 ‘asnal JUAUWIEPUD A
Sunndwoo ‘ureyo A1d uoyvuLIOfuf
pnoio ‘sonkjeue ejep -dns renoIo asridiaurg
9L SNdODS 0202-010¢C 51q *s3uty) jo yourauy ‘HATOS Y dr Jo ppuinor (2202) e 12 [ekied
uoneI3ouI SWasAs
S1ouel{ [BO1)IOA/[BIUOZLIOY ‘UOT)
2 sIo[Ae], -e[nwis ‘SuLmjoejnueul
9sanQoid ‘ds QADIppE ‘A)I[eaI pAIUdW {Sojouyoay
‘OTARS ‘AN -3ne ‘sj0qol snowouoine pup 20u219§
‘sade) y3isuf ‘Sunndwod pnoyod ‘s3ury) IPIUUIUOLIAUT
[erowyg JO jouI)u] ‘sonkeue vjep Jo puanop (2202 ‘1B 1R
f44! ‘sndooS ‘SOM 6107 MU S1q ‘wasks [eorsAyd-10q£D [eIouaD) dr [puouDULIU] 0JON BIIOAIQ 9P
Su21s£g
DID(] pup
JUUISDUD A
29 SoM 1202-110  (1[#)sa130[0uyoa) [ASIp LT HATOSSY Y01 dr [rasnpuy (T200) TR 1]
Sururux

BIEp ‘SUnnjoejnuew pue
uononpoid jrews ‘uone|
-nwits ‘A)r[eal pajuewisne

‘waYsAs [eorsAyd-1oq4o

© 2024 The Author(s). R&D Management published by RADMA and John Wiley & Sons Ltd.

‘s3ury) jo jouwruy ‘Funnd YoUDISIY
-Wod Pnojd ‘sonATeue ejep JUUISDUD A
1484 SOM VN B1q ‘SuLimog nuew 9ANIppY S¥01 df suoyp.iadg  (qzg07) Te 12 IYdYdeIemoy
. 020T ODj$20 (2T07) wouyag pue eAlg
€9  SOM SNdODS 1990100 [hu) [e1oUsD) [eIsUaD) dr p ISy Ep OLIR[IH UUBWIUUSH
$8UIP22204J (2207) 1ys1aI0!
LT SNdODS 120¢=110C [e1oUsD) [eIsUsn) 9[NX9L dd 2oU212f110D pue ustuodde]
Sunndwod pnoyo ‘sonk| UOLINPOL]
SIOYI0 pue (IS -eue ejep S1q ‘Ureyoyoo[q 42UD2])
181  "SOM ‘SNdODS 7C0T=500T “QoudBI[[eIul [y IIY [eIsUsn) dr Jo ppuinor (TT0?) T8 10 moreH
[oPOIN $8UIP22204 ] (z207) uouoddey
V'N V'N V'N s3ury) Jo joureiu]  ssoulsng Ie[noI)) AMX9L, ) 20U242[110) pue 1ysIaIoyn)
uone[nwis ‘Jururw urey)
ssoooid “ureyoyoo[q ‘Sur A1ddng renoar)
-mndwods pnopo ‘sonkeue ICICAGlIEREN| <
— vep S1q “ouddIf[ejul ‘redoy g
S [eroynae ‘Surured IOA0DY YoUDISIY Q
S QUIYOBW ‘WIAISAS [BOISAY| ‘ys1qIngoy UO1INPOL] S
- 00s94d 10945 ‘Sunrmoejnuew “QIn)oeJNUBIY Jo jpuinop N
S 9L  ‘SOM ‘SNdODS TTOT DU PADIPPE ‘STUIY) JO JOUINU] CIRLEEX | df Ipuoyvulau] (2T00) T8 12 1pIRYQqaD I
S
M PoMIAIL sjoadse BaIR 1ok pue sioyny §
5 suonnqIIuo)) # oseqeje  PAIOAOD SIBOX sor3ojouyo9) [e3S1g  AWou0od Ie[noIr) 101008 TeomyderSoan  od4£) Juewnoo( [euInof =
N Q
S JUAUOD 1XQUO) UONBULIOJUT [BIOUID) M
S =
< (ponunuod) -zalqEL =



14679310, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/radm.12715 by Test, Wiley Online Library on [03/09/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

R&D Management 2024 11

“90URIOS JO GO ‘SOM $93Pa[Mous] JO qop “SIOM 19911 UG ‘(S IB[OYIS 9[3000) ‘SO :SUONRIAIQQY
*(PAMIIARI SUOIINGLIJUOD # ‘ASBQRIBP ‘PAISA0D SIBAL ‘sa1S0[ouyda) [eSIp ‘s10adse AwWouodd IenoI)
JUAIUOD ¢(10309s ‘Bare [eo1ydeISoad) 1xouood ((1adeys yooq g ‘1oded oouarojuod ;gD 1oded reurnol :qr o'1 ‘odA) Juownoop ‘[eurnol ‘Tredk ‘sioyine) uoneuLIoJul [eIdUAS :FJuImor[o} oy} suodar a[qe) ayJ,

Digital technologies and circular economy

9

SNdOOS UOINPOL] st

0O0sdd C0¢ [opout Aouva])y 2]

9L ‘WIOANI/IIV sngny [oun [eloUaD)  Ssaulsnq IB[NOITD dr Jo ppuinop (€£207) T8 19 1999410, 3
§3UIP22d0LJ 3

Sc SNdODS 120T-110¢ [BIoU2D) [eIoUaDy dd 2oU212f0D (€202) '8 19 runfeds z
JUQWUSSISSE W

9[0Kd 9J11 —

HATOSY <

Q0UII[[AIUI [RIOLIIIR ‘ureyd Ajddns JuuUOL1AUT =

‘ureyoyo0[q ‘sonieur IR[NOIID ‘[9pout Y1 pun k=]

981 SNdODS 'V'N  ©eep 31q ‘s3ury) Jo jouroiu]  SSoulsnq Je[noiy) df £8am.a1 ssauisng (£202) T8 10 yosmy <
123undg AMn

‘STOUBT % Juauidojaaaq =)

sI0[Ae], ‘Aalt, uonewIojSuLI) puv (321115 <

9Cl ‘gs ‘sndoog ¢e0T—¢10¢ [BI9U9D) [ensiq dr ssoursng (€200) Jnv nMJ
SYLOMIIN o

6L SO 120¢—910C sSuIy Jo Jourdu] [eIsUan) sdnm dr 4ainduio) (2T0T) '[8 19 SIpLESNop 2
Surioourdusgy =2

[pLSnpuy =

861 SNdOODS 1202-010C [e1oUsD) [elPURY  [eLnsnpuy dr  puv siamduio) (2T07) T8 12 1oppeL, m,
sSUIPa2204g 2

98 SNdODS 12010t [BIoU2D) [eIoUaDy dd 2oU212f10D (2T0?) T2 10 mreds >
JUWIDUD ] g

IR[OYoS 913000 uonvuLIofu] m
“sonQ)oid as1adiapury a

0T ‘SOM ‘SNdODS 0202—000¢ [e1oUaD) [elouay  oBINUBIN dr Jo ppuinor (2T0?) T8 19 nyes &
U01INPOL &

A2UD3]) @

OLI SOM ‘SNdODS 120T-L00T sSuIY) Jo Jourdu] [eIoUaD) dr Jo ppuinor (2202) 18 12 galoy m
pamoraar syoadse BoIR Teak pue sioyiny m
suonnqLIuo)) # oseqeie  PAIOA0D SIBOX so130[0uyo9) B3I  AWOU0d? IB[NIIID) 101008 [eoryderoany  adA) Juswnooq [euinor P
T

JuAUOD IXU0D UOTBULIOJUI [BIQUD) )

=]

aQ

(Ponunuo)) ‘g AQEL ©



14679310, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/radm.12715 by Test, Wiley Online Library on [03/09/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Alessandra Neri et al.

JUUISDUD P
{8ojoupday
Sunmjoejnuewr [opouw ssau Surmpdofnuvpy (6107) TR 10
dnoi3 snooq o) QATIPPE ‘S3UIY) JO JoUIAU]  -Isnq Je[NOID) JoRJNUBIA dr Jo jpuinop 0JUSWITISEN
QImoeNURAI
‘Kouaronyy
90IN0saI
‘asnar “(Sur
-ung)
Q[0Kd 91
(or=N) ‘[opout ssau (6102) Te 19
[eLIReW A12PU0IAS /0 s3ury) Jo jourou]  -Isnq Je[noI) dr npgouiisng JonopsIewauy
ysiqinjar
“@Imoejnuew
-1 ‘asnal
sonATeue eyep 31q ‘s)0qo1 Q1okoa1 [puinof
snowouoIne ‘FurInjoejnuLw ‘Kouaroryyo [puonDULIU]
dVT1-dVS o) aanippe ‘Sunndwod pnojD) 90INOSAY dr uy Surypunpuag  (6107) 8 10 ueyneyD)
sdd
{(G=N) smararul
AnowoINy PaIMONIS-TUIOS q UONR[NWIS  QINJORJNUBTINY JoRJNUBIA 3N dr Anpgoumisng  (6107) T 10 Aoqurey)
poyjow SAIWIOU0Id uoIS192(7
nizexg ISIRINONNS q/0 [eIoURD) [eIouan) SurSrowyg dr JuawaSvurpy  (6107) ‘T8 10 OULIRZO)
SULITY
Sunmoey Kouarongye
-nuew UBWLIdD) (009=N) KoaIng q [eIoUAN) 2INOSY Kueuron dr SOMUOUO0I2A2]U] (8107) ueSIoN
UoNeISAUI SWA)SKS [BINIOA $8UIP22d04 g
- D /rewuozioy ‘sonAfeue eyep Sig  sonsiSo[ os10Ady dAnowoINY dD 20ua12fu0) (8107 ‘T8 12 BAOIEYRIA
Sunmjoejnuew
QANIPPE ‘s3ury) jo
jourdyu] ‘unndwod pnopo YOUDISIY (8102) Te 1@
- o) ‘wsAs [eorsAyd-10qh) AATOSI dr  suonvaadg fo sppuuy  moqqe[ esnog op sado
AIAS 1oy
-oejnuew
soouerdde
ployasnoy sonAreue [opou ssau
uelel (1=N) Apmss ase) q eiep 519 ‘SSUIY) Jo JouIIU[  -ISNq TE[NIILD) do dYID Pip2d0id  (8107) Te 19 H[ouessalg
QIeINI| $8UIP22d04
oy woy sajdwrexy /0 [eIoUdD) [eIoUAD) Ee) 20u2.2fu0)  (8107) T8 10 TUTYOURIg
uone3nsoAul syoadse Awo sioyIny
JO 1X0IU0D) KSoopoyioN K1ooyy, odKy Apmg sarSojouyoo) eI -UOJD IR[NIID) 10309g  eare eorydesSoon  odAy, Juewmooq [ewmor

Juduo)

1X9U0)H

UONEULIOJUT [EIOUSD)

SUOTINQLIIUOD [RUISLIO PISATeU. 9] JO SISATRUE JUJUO)) '€ J[qEL

© 2024 The Author(s). R&D Management published by RADMA and John Wiley & Sons Ltd.

12 R&D Management 2024



14679310, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/radm.12715 by Test, Wiley Online Library on [03/09/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Digital technologies and circular economy

(senunuo))
Sururea| 28uny) [p120s
[euonesiuesiQ sonAeue pue 2oudII[[AIUL pup SuisnIaLof
sookordwryg (12€=N) S1d AD q4/0 ssouisnq ‘sonAreue ejep Sig [eIoUaD) JoeJNUBIA orqndoy yoaz) dar {8ojouysay (Q1207) ‘Te 12 uemy
QoudSI[[OIUI [BIOYNIE 9[0kda1
‘Sunndwoos pnopo ‘sonkreue ‘armoeynuewr
adoing (g=N) Apmg ase) q eiep 1q ‘s3ury) Jo jouroiuy -91 ‘asnay dD Jd¥AID vipadolq (0202) 'Te 12 1N
QInyeIaN| [opout ssau
oy woay sopdurexyq q/0 [eIoUAD) -1snq Je[noI) dr Lpigouivisng (0207) 'Te 12 1550y
(I=N) $10qO0I snowouone
qe] ur uonesrddy g ‘Aipeal poyuswdne ‘uonenuig Ajquassesiq dr Kigouiisng (0200) ‘Te 12 8220y
Kouaroryyo uoyoINpoLg
JdTIN D [e1oURD) 92IN0SY dr 42up2]) Jo puinof (0z0g) ysurs pue ndley
QINBINI] sonAreue Y2UDISIY 0Z02) TR 19
Ay woay sopdwrexyg o) eyep S1q ‘s3ury) Jo joureiuf [eJouan) JoeJNUBIAL dr  ssauisng fo jpuinop UQSIQJJOISLIY]
QMBI s8uipaasoid (02027) e 10
oy woiy sojdwexyg o) SunmjornuURW 9ANIPPY [eIouan) Eie) 20U212[u0) ONUAYOARITY]
QIneI| 1043100 (02027) Te 10
oy woiy sojdwexyg o) ureyoyoorg AATOST Al Sunupjg uononpoiq yopeziynoy
SUOUDIUNUIULOD)
o) [eI0UdD) A[okooy dar Jo ppuanor  (0Z0T) ‘Te 12 Joyosjury
JoImoejnuew
Sunysi
ad1 219422y
ueodoing [opout ssou P UODAIISUOD) (0202) Te 1R
adre] (1=N) Apmis ase) q s3ury) Jo 1ouraluf -1snq Je[noI) dr §204N0SY 13))OpSIBWATU]
SIomaurey IATOSY Su11ofoay
ugsop [ejuowLd sonsI30] P UODALISUOY)
-Xa s 1yongde], o) [e1ouon) ISIOADY dr S22UN0SIY (0202) 'TB 19 A
Kyipear pajuowr
-3ne ‘Sunndwod pnopo
SHINS ‘sonATeue vjep 31q ‘s3uryy Q[okda1
Sunmjoey JO JouIU] ‘SuLmjorynuewt ‘Kouardryo (0207) BUR
-nuew uerpely (6221 =N) Koaing g QADIPpE ‘$]0qOI SNOWOUOINY 90IN0SAY od 421dpy)) yoog 1 pue IyRIeIA 0q
3110802y
JuowaIndoid P UOIDAIISUOD)
vV PInos  (Z11=N) WAS-S1d ADd q [eIaUaD) Te[nairy) dr '$22n082Y (0200) T2 10 Teg
JoInoejnuew
19)0098 woIsAs
o119 rearsAyd-10q4o ‘Sunndwoo [opout ssou
sauBMIB], (1=N) Apnis aseD) q/0 Pnopo ‘s3uryy Jo jouraiuy -1Snq Ie[noIr) dr Kpgvuivisng (6102) Te 10 weyd
uone3nsoAur syoadse Awo soyIny
JO 1X01U0D) KSoopoyioN Kooyl odKy Apmg so13o[ouyod) [T -U0d? IB[NOIID) 10309g  eare eorydesSoan  odAy Juewmnooq [ewmor

juduo)

1X9U0)H

UONJEULIOJUT [EIOUSD)

(panunuoD)

‘€ 9IqBL

R&D Management 2024 13

© 2024 The Author(s). R&D Management published by RADMA and John Wiley & Sons Ltd.



14679310, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/radm.12715 by Test, Wiley Online Library on [03/09/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

g
QIMoRNUBLIAI S|
a[0Ada1 ‘uSis 4
-9p IB[NOII 3
quowandoxd JUDUIUOAIAUT 1Y) =
(YOr=N) WAS-STd Add "LNA a/0 ureya3dorg Te[noID up)siyed “euly) dr puv 321043 ssouisng (Q1202) T8 10 URyy P
Koy, t10) (1=N) [oquoy y (1202) ‘T8 10 W
-00s sonsI30T  Apmis ased NN /0 [eIoURD) [eIoUoD) dr  Swuun)g uononpoiq njSoouezey] =
jo4310) % (1207) ueIeyaseunn) M
sIouonnoeIJ (8¢7=N) WAS /0 [eIoUdD) [eIoUQD) JoeRJNUBIAL BIpuUL dr  Swuuv)g uononpoiq pue o[quuey| =
M142Y M
(¢=N) Apmis Suriaourdug s
ISBD {SMITAIOIUL ureyo uooINpoLq A
PAINIONNS-TWAS q [erouony  Ajddns xegnoa) JoeJNUBIA pueuLy dr puv juawaSouvpy  (107) T8 10 eeduoter M
suoyvonddy 2
pup Yo.UDasay s
sons1807 fo 2
MING o) [eIoUAD) [eIOUAD) onsIo] eIpuy dr punop puoyvuiduy  (170g) ySurs pue eydno M
QIMorJNUBLIAI 2
[0o0301d A1 ‘(Suryuny) $8UIP22d04J 1]
-Ie[naard dn-[oA| o) peaiy) (ensiq 9[okd 1] JoRJNUBIAl dD 20U242[U0) (1202) 'Te 32 Suag m
uoperd TUWSPUD A Wa
19p[oyayeIs K8ojouyda pun S
Awouood uonpaouuy Jo (1202) 1810 =
IR[NOIIO UBI[eI] (1=N) Apms ase) /0 uuoperd ensiq [eIoUQD) Ae dl  [pwnop [puoypuiduf OI099A 1°d Q
JUIUIUOLIAUT 1Y) M
- o) [eIouaD) [eIoUaD) JoRJNUBIA dr pup £3a1pa1g ssoursng  (170¢) ‘Te 12 03I =
uonenuis (Sunyuryy) $3UIP22204d (1207) zuaime| M.\
- o) Q0URBI[[AIUI [RIOYNIY Q[0Ad 1] Ee) 20U242fu0) pue o[yoduIg m
- o) ureyoyoo[g SoNsISo[ as10Ay  uoneyodsuel], dr npgouiisng (1207) ‘Te 10 Teneg M
104100 » H
(002=N) WES-S1d LdIO q4/0 [eIoUaD) [eloUaD oBJnuUBA BOLJY dr  Suun)g uoyonpoid (31207) T8 10 Seg S
uoyINpoLq <
(0£7=N) Kkoaing AT /0 [eIoUSD) [eIOUD) JoRJNUBIAL BOLIJY (INOS dr 42upa]) Jo puinop (PT20T) ‘T8 10 Seg ©
23uny) P10
QOUATI[[AIUL pup SunspI240:
(617=N) Koamg AT a4/ [eroynIe ‘sonkeue erep g [eIouaD) dAnowoINy BOLIJY (INOS dr L3ojouyday (e1207) T8 10 Seg
$21UOUOITT
uononpoid Jo =
~ (FTI=N) Kkormng Add ‘ADd q [eIaUaD) SYOT oenueIN BOLYY [nog dl  [punof [puoyvutauy (91202) T8 12 Seg IS5
m QouaSI[oIul [RIOYTIE =
.M ‘unndwod pnopo ‘s3ury j04110) m
3 (0Z1 =N) Leamng AT g Jojouloiu] ‘sonAfeue viep Sig  QImoRjnuBIY BOLIJY (INOS dr  Sunup)g uononpoiq (q1207) ‘T8 10 Seg IS
= g
S uonesnseAur sy0adse Awo sioyny 3
.W JO 1XQuo) K3o1opoyioN Koayy, odAy Apms sa13o[ouyo9) [eN3I  -U0JQ IB[NOIID) 10100S  eare [eoyderSoon  adAy yuswmooq [euinor W
<
m Ju2II0D) 1X01U0D) UOTRULIOJUT [2IOUID) M
4
= <
< (ponunuo)) ¢ dqeL, —



14679310, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/radm.12715 by Test, Wiley Online Library on [03/09/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

sonunuo;

g (senupuo)) v

M U SVUD A <

w ureyo uoypuLIOfuf aQ

N TALVINAQ ‘ST HATOSYI D ureyoyoorg  Addns renoxry [eIM[NOLTY eIpug dr  asudiou fo ppuamor  (QIOT) T8 10 BWIRYS 2

.W Sunofoay $

N [opout ssau P UOHDAIISUOD) m

M (#=N) Apmis ase) q [eIOUSD)  -Isnq Je[ndIr) adoing yuoN dr §204N0SY (1207) ‘Te 10 vyuey 2

IM uondwnsuo) S

= PuD U01INPOLJ =

M o] ureya3dorg [elouoD) oenueN dr 21qpuvisng (1200) 'Te 19 pueN w

N ureyo JuowoSeuRA uoyInposq &

Wo (1=N) Apnys aseD) JATOSY q [eoudny  A[ddns remnor) ASeM 900210) dr 42up2]) Jo [puInof (1202) 'Te 12 SOISeIN

.M Kouaroryo
= Qonosar ‘ared
% -1 ‘Ajquuas

” -SesIp ‘@snal juowrdinbyg =

S SBAURD ‘(Suryurny) o1uonda[q ﬂ

Bo (G=N) Apnys ase) [opowr ssaursng g ureydyoo[q ‘ssury) Jo jouruy Q[0Ad QJIT  pue [BILIOJ[T Apeay dr Kpgouiisng (1207) ‘T8 32 usey g

Q fear pajuowSne M

£$10q0I snowouoINe ‘sIury) >

JO JOUISIU] ‘UTeYIYO0[q pUE Kouaronge 2

A1noes10qAd ‘sonAeue ejep 90IN0saI S

s1oSeuewr  (Lg=N) Apmis osed 31q “eouaSiIaur [eroynIER “aTokder BOLIOWIY ‘BOLIY uoyoINpoLq (1207) Te 10 £

199lo1g pue (0z1) £oaing q ‘SunIIoRJNUEIA GANIPPY  TOA0DAI ‘OSNAY ‘e1sy ‘odomng dr 42upa]) Jo puinop QqImJ-uremyse | °

ureyo 1041100 P 2

TALVINAA o) [exoueny  Ajddns renox) QAnowoINY eIpuy dr  Suuuv)g uononpotq (1202) ‘Te 10 Tewny| A"na

28uvy) p1oog =

SMOTAIOIUT pup SuspI2.40: (Q1202) ‘T8 1@ a

PaIMONINS-TWAS AOY AGd o) sonATeue eyep Sig [eIouaD) dr L8ojouydag, UQSIQJJOISIIY] Mnn

s1oSeuew SIMUOUOITT 2

I01UdS uoonpotd Jo (®1202) '8 3

ueadomyg  (SZ1=N) WAS-S1d AOY ‘AGY 40 sonAkeue eyep Sig [eIoUdD) Al [PUInof [puonuLIUf UQSIOJJOISLIY] =

K1oneq S[okoa1 Wm

SIYA ‘(Bunyur) &

Jnd9ry (1=N) Apmis ase) a0 [eJouon 9[22 1] do Jd¥ID vip22o4d  (1T07) ‘e 19 1yosiury $

JOpENoT m

Ssuuy (#17=N) formg ¥

areand oSre vaD ‘VAd ‘NAS-9D /0 [eIoURN) [eIoUAD) “JoRJnURIAl Jopendy dr &pgvuinisng (91207) ‘T8 10 Uy g

QINJoRINUBIAI W

QoKdar ‘udts )

-op JB[NoIId x

quowaindoid Juaudojaaaq =

(6£2=N) WAS-S1d Add a0 ureyddorg Te[noIry eIsKe[ey dr puv 3210413 ssauisng (81207) T8 19 ueyy] 5

<

uone3nsoAur syoadse Awo soyny M

JO 1X01U0D) KSojopoyioN K1ooyy, odKy Apmg so13o[ouyoa) [)ISIg  -U0d? JB[NOIID) 10300g  eare eoydesSoony  od£y Juewmooq [euwnor o

=

T

LG i(vg} X010 UOTJEULIOJUT [EIOUdD) <

g

Q

(ponunuo)) ¢ dqBL, ©



SMITAIUL JuautuoL1auy] a2y}
PAINIONNS-TWS ADd o) [eIoUdD) [eIoUaD) JoeJNUBIA dr pup 8210415 ssauisng (2200) "Te 10 ey)
S22UDAPY
Su1okoay »
suonesiue3Io UODAIISUO)
Sursnoy [e100§ (¢=N) Kpms ose) q [eIoUdD) [eIoUAD) Suipng  SpuB[IOYION YL, dr $204N0SY (2207) "Te 10 und)
SURISKS
yoreas s3uryy Surmpofnuv
nqe) ‘wypLose seg D Jojouul ‘Sunndwod pnof) - aImjoejnuBIINY dar Jo jpuanop (Z207) 'Te 10 ouLdIR))
(Bunyjuryy)
Aear pajuawidne 9[0Kd 2J11
‘ureyoyoolq ‘Sunurd ¢ 9[0da1 ‘a1
Q0USI[[QIUI [BIOYTIE ‘SONA] -oeJnuewal
D -Bue BIRp SIq ‘SSUIY) JO 1OUINU]  ‘9SNAI ‘Q0Npay JoRINUBIA dr npgouisng  (7g0g) ‘Te 19 I[[ouessarg
(ans
1 pue a31e[ $INUOU0DT
€) swy (r=N) uondnpoid fo
UROLIJY YLION Apnys ased ‘yI1D 1Dd /0 AELIET) [eIoUaD) df  [pwinof [puonvuiajuf (Z202) ‘T8 19 1pRY[eg
sisppuy
[puoDSIUDSI() JO (Z207) snuojalg
D [BIoUdD) [eIoUAD) “JoRJNUBIA Al [pwnof (puonpuidjuf pue Seg
a1=N) waysAs [eorsAyd
qey ut uonedrddy H -10q£d ‘SulmoeynuEw 9ANIPPY usiqInjoy dd dyID vIpadoid (2200) '8 19 penssy
QouddI[uI
[eoynIe ‘Kpeal poyuowsne
¢$10qOI snowouoIne ‘gur
-InjoeJnuew dANIPpE
‘wAsKs [eorsAyd-1oqLo
suLy Sut 11103512940 ‘uoneigayur
-Injoejnuew SW)SAS [O11IOA/[BIUOZLIOY q[okd0x 12UDaS2Y
ueipel| ‘Sunndwods pnopd ‘sonkreue asnal ‘ureydo uononpold Jo
uRyoN  (96=N) WHAS-ST1d 14L a0 eiep 51q ‘ssury) jo youraiu] - Addns renory oRNUBN Arerr dr  [punor jpuoypuidiuy  (7g0g) "8 12 MYSLpIY
uononpoid
IoqqnI
ur spadxyg (9% =N) Koaing q/0 [eI0UdD) [LAELETS) “JoeJnueIN eIpUL dr 10qQoy [1LUISNpUf (T200) 'Te 10 [emIeSy
uSisopar
‘Louarongge
92IN0SAI 21Ny
~ Sunndwoo -OBJNUBWAL
m dTION D PRop ‘SULMdERINUEW SANIPPY ‘aphooy orINUBN do d¥1D vipadoid (1202) '[e 10 wnpedg
.M uoyonpold (1200) 1810
W dHV ‘SAAI D [BIoUAN) [eIoUAD) QXL uely dr 42up2]) Jo [pumop jowue3Aeys
S uonegnsoAul syoadse Awo s1oyIny
.W Jo 1xau0) KSo[opoyloN Kooy, odAy Apmg sa1Sojouydo) [eNSKQ  -U0ID IR[NIID) 10100G  eare [eorydeiSoony  odAy, yuowmnooq [ewinof
=
m JUAUOD 1XUOD UOTBULIOJUT [BIOUID)
“
<
< (ponunuo)) ¢ dqeL,

14679310, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/radm.12715 by Test, Wiley Online Library on [03/09/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

© 2024 The Author(s). R&D Management published by RADMA and John Wiley & Sons Ltd.

16 R&D Management 2024



14679310, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/radm.12715 by Test, Wiley Online Library on [03/09/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Digital technologies and circular economy

(senunuo)))
ureyoyo0[q JUWMISDUD ]
pue AJnoas1aqAd ‘Surmyoey 20UDPULIOL12] puD
-nueW AANIPpE ‘sonATeue [opour Ssau nanonpoid Jo
(01=N) Apmis ase) q eiep §1q ‘suIy) Jo JouIu]  -Isnq Je[NoIr) uoryseq KemION dl  [puinop ppuoyvuiIu] (220?7) yuAng
Sunndwoo
BISARTRIA pnopo ‘Sunmjoenuewr
Ut sHINS NNV QANIPPE ‘STUIY) JO JOUIAIU]
Suumoejnuey (681 =N) STd-WHS AgYd H  ‘uone[nuiis ‘sonkfeue eyep Sig [eIoun) dr Snprquivisng (220T) T8 10 Sueny
SIoUTRIUOD
Jo asna1
Sursiazadns s3ury
108RURI (1=N) Kpms ose) q J0 1oureyu ‘woperd enSig asnay do d¥MID Ipadoid (2202) ‘T8 12 vloay
SONMUOUOIT
uoympoud fo (e7200) T8 1
wreideip doof [esne) o) SuLmornURW JANIPPY [eIoUID) Al [puinop ppuoipuiuy TYOYdRIRINOH
(2200
OVINDIN-INSIT HATOS™d o] [eIoURD [eIoU2D) dr Cnprquivisng ‘[e 39 oY[I] oquIpon
JUSWISSISS®
9[0kd 91
Q0URSI[[IUT [RIDTIIR ‘ureyd A1d uoyvaouuy
D ‘ureyoyoo[q ‘ssuy) Jo JouIup -dns remony dr uononaisuo) (7o) Te 10 ysreySig
suLy Sur
-Injoejnuew (0ZE=N) siseue YoUDISIY
uerpuy a51e| ‘paur densjooq uoyonpoud fo (TT00) B 1@
pue wnIpspy pue INFS-ST1d ADd 40 sonAreue eep sig [eIoUID) ‘108 NUBI eIpup Al [pwinop ppuoipuiuy Suoy) uimpg
23uny) P120§
(TtL=N) pu Suispr210f (z20o) [ned
KoaIns “THIVINAA a0 [eI0URD) [eIOURD) IBOM)00] ysope[ueg dr {8ojouysay, pue IpaAIM(
SWLIY URI[R)] JUAUUOLIAUT Y]
URYUON (681 =N) INAS-STd a70 [e1aUaD) [e1sUsD) ornuEBIN e dr puv &3amug ssauisng  (Z20T) ‘T8 19 BHEIN 1
‘(aseo) (1=N)
K10100) 9sBO QJI[-[eal B QIMoRJNUBWAI uoydumsuo)
Surokoar woiy ojdwexs Kooy yurnyax pun U01INPOLJ (92200) ‘T8 10
Sunuud ¢ (91 =N) dnois snoog 1SIADONIISUOD) q4/0 [RIOUSD)  “OSMAI ‘O[0K0Y dr 2]qpuipisng  OJUSWIOSBN SONRIA 9P
JUAUISOUD P
£Sojouyday
ureyd Ajddns Surampovfnuvpyy (®Z200) ‘T8 1R
dnoi3 snoog o) SuLmoeNURW JANIPPY  IB[NOIID ‘O[0K09Y danowoIny dr Jo [puinor  0JuSUWIIISEN SONRIA Op
SMITAINUT ureyo
pammonns-twag L ‘A9 ‘ADA o) [erouen  Arddns renomry dr puanofr WOL (2T07) T8 19 yeaay)
ureyoYyd0[q Ayeyxapiqure SuLmoeynuew [opowr ssau Y2UDISIY
Sursn NS (=N) Apmis ase) UONESIUBIIO A Y q4/0 SADIPPE ‘UIRYOYO0[g  -ISnq Je[noIr) QIsem onse[d dr  ssauisng Jo puimor  (gg0g) e 30 Unypney)
uonesnsoAul s10adse Awo stoyny
JO 1XU0D) K3o[opoyioN Kiooyy, odKy Apmg Sa130[0uyd9) [BNSIJ  -UOID IB[NDII) 10300§  eare [eorydesSoany  od£y Juewnooqg [euinor

juuo)

1XAUOH

UOT)EULIOJUT [EIOUAD)

(panunuoD)

‘€ 9IqBL

R&D Management 2024 17

© 2024 The Author(s). R&D Management published by RADMA and John Wiley & Sons Ltd.



['zerg
ur ssaursng
SurAey swgy

10J Suryiom $ONMUOUOITT
s1ageuRW K109 AIe) [opow ssou uononpoid Jo (2202) T2 19
ureyo Ajddng (TET=N) INd-SId -uowodwod ‘Agy /0 [eIOUQD)  -ISNQ JE[NOIID) dl  [punof ppuoypuidiu] Inoqqe[ esnos op sado|
QOURSI[[AIUI [RIOYTIE ‘SONA] JUIUUOLIAUT 1Y)
D -eue elep 31q ‘s3uIy) Jo Jouroup s46 dl pup (321418 ssauisng (2202) e 1@ NI
DVINDIN-INSI [eIoua3 pue sonsIso[ soreIuyg
‘anbruyo) ydjoq o) [BIOUOD)  SONSISO[ 9SIOADY Ked-payy, qery paun dr $212112G Y (BZZ02) '8 10 ueyy]
suoyvonddy
pup Yo.UDasay
(062=N) ureyo sousiso fo
Koains SNHS q/D  ureyoyoo[q pue AJundesioqhk)  Ajddns renoar)y “JoejnUBIAl uespyed ‘eury) Al [PULnof [puonnuLIuf (PTT07) ‘Te 30 ueys]
JI0pLLIOD ugisop
ueIsn[ed TR[NOIID ‘JUouW
ile) -omooid ref 1Y2UD2S2Y
oy ur 3ur -NOIID ‘ureyd JUAWSPUD A
-1esado sHNS  (062=N) S'1d-INS a4/ [ezouony  Ajddns tenody up)siyed “eury) dr suoyv12d (9zz07) T8 10 URYy
BIURWOY
pue puejod
aurenin
ur Sup
-jerado suury (€12=N) IWAS AT q [eIoUAD) [eIouoD) danowony adomg dr npgouiisng (97200) Te 12 ueyy]
Sururea] sutyORW
‘SurImoeynuEW SANIPpPE ‘SOT Y2UDaSIY uounjjoq
-)A[eue eyep S1q Qoudsijur ureyd pup 20u2198 (Z202) ‘e 1
SISAOL ‘VIVMS o) [e1olNIR ‘SSUIY) JO JUIAU] [eIoURD) Addns Kreq dr [PIUWUOLIAUT njSoouezey]
ureyoYyd0[q
Q0UATI[[AIUI [RIOIIIE ‘W)
-s£s [eo1sAyd-19g4£d ‘sj0qox
Aoyang, SNOWOUO)INE ‘UIM] [2ISIP
ur Knsnpur ‘L1 poyuowdne ‘Suriny
AMXA ($=N) Apms -oeJnuBW dANIPPE ‘sFury) ureyo 12UD2S2Y
Yy Ul SHINS  2sed poyrewt rydjog q/0  Joouwu] ‘sonkeue eiep Sig  Ajddns egnox) dr  ssauisng fo ppuinor  (qQzz0g) T8 30 1oyIkey]
ureyo JUAUUOLIAUT Y]
WM GI-INDA o) ureyoyoorg  Addns remnorr) dr pupv £8aipag ssauisng  (egg0OT) T8 30 1oy1Key]
Ma142Y
.m. ureyo ERliER ) i uoypvriodsun.],
- Addns 1oy [eroynIe ‘s3ury) Jo jouIAu pup $21181307 5
.M 10J pnojo ‘ureyoydo[q ‘woperd ureyd 1D YoUDISY
W Sursn sy (¢=N) Apnis aseD) q/0 rensip ‘Sunndwod pnoyy  Addns renomn)y dr uonvriodsun.y (2202) T8 10 AnuQq
S uone3nsoAul syoadse Awo s1oyIny
.W Jo 1xau0) KSo[opoylo Kooy, odAy Apmg sa1Sojouyoo) [eNSLq  -U0ID IR[NIID) 10100S  eare [eorydeiSoony  odAy, yuowmnooq [ewinop
<
m JUAUOD 1XAUOD UONBULIOJUT [RIUSD)
4
<
< (ponunuo)) ¢ dqeL,

14679310, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/radm.12715 by Test, Wiley Online Library on [03/09/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

© 2024 The Author(s). R&D Management published by RADMA and John Wiley & Sons Ltd.

18 R&D Management 2024



14679310, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/radm.12715 by Test, Wiley Online Library on [03/09/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Digital technologies and circular economy

(senunuo))
u3isop
Ie[noIIo ‘3ur
suonerado -Imoejnuew
ureyo A(ddns w2313 ‘o) YOUDISIY UouN|Io0g
M S3SSaU -oBJnUBWAI pup 20Ud128
-Isnq uelpup - (0€€=N) INIS-S1d Add "LNA q/0 ureydyd0[g RIBISEN | dr [puuOAUT (zz0o) '8 10 Suel,
SMIIATOIUT snax Juwuo1AU J]Img (2T07) QuIem[dIN
PAINIONNS-TWAS o) [BIOUAD)  “IOA0DI ‘D[0A0AX QAISEA Al 21qpuIvisng ¥ Lvuis pue e[[er,
uone[nuis
K10108] ‘Kypear poyuowSne ‘Furured|
0IOTW SO QuIyoRW ‘QOUII[[AUT (T202) T2 19
RUEINSI kR e (1=N) Kpms ase) q/D  [BIOYNIE ‘S10qO1 SNOWOUOINY  AINIBJNUBWY dAnowoNy D d¥ID vipadodd so[nodoiaelg
spaflq
[DIUGUIUOAIAUT]
pup uoyvsiji
RIpU (Sy=N) AoaIng K200 1Y 1D
f9AIOWOINY  "POYIW ISIOM—ISOg q4/0 ureyoyo0[g [eJouan) dAnowomy eIpup dr $204n08 £3412u7] (2207) 'Te 19 1AZ1y
20UI108
[PIUUIOLIAUT
(Lt=N) pup Yoy :§aLag
[eLIRW AIRPUOIIS q SunmjornURW 9ANIPPY 96 - - dr oua12fuo) JoI - (2207) ‘T8 10 sokoyisd
101098
juowdmba
J1U0NII[ Sunndwoo
pue [eo1no9[g (1=N) Kpms ase) g pnopo ‘Wodssed 1onpoid [ensiq [eIoUAD) o) dNID vipadodd (BZZ0T) 'Te 19 YIUuaroo[d
Qrqisuodsar
9JI[ Jo puo
6 pue sIa $3UIP22d0dd
-Imorjnuew ()] (61 =N) Koaing q wodssed jonpouid [ensiq [eIoUAD) dD 20u242fu0) (qzz07) ‘T8 12 NIUuao[d
(1=N) Apmis JUUUOLIAUT Y]
ased {(ZH1=N) STd K109y Jop[oyayels q/0 [eI0UQD)  USISIP JB[NOIID) SOTUOIO[H nzexg dr pup £8a1p41§ ssauisng (Z202) "Te 19 oxdyuIg
9[okda1
asnal ‘aIn)
-OBJNUBWIAL RINEERI0)1] sa18oj0uyda] pun
o) wAsAs [earsAyd-10qLD ‘A[quiassesiq  -ewoIne JWoy A S|Pl 2]gDUIDISNS (2202) ‘T8 12 [ed
TUAUISVUD A
(£=N) Apmis ase) q4/0 [eIoUaD [eloUD onseld B dr Jo ppuanor vorfy  (gz0g) 'Te 19 B[o[uIkQ
uonewone
SOOIAQP PUR SILIOJOR] JIBWIS
‘sonA[eue eyep S1q ‘Sunnd ureyd A[ddns 1041100 P
ADA D -Wod pnojod ‘s3ury) Jo jouraiuf IR[NOIID ‘SYE Al Suujg uononpodq (T207) TeR O]
uone3nsoAul syoadse Awo s1oyIny
Jo 1xaIU0) KSoopoyiojN K1ooyy, odKy Apmg sa1Sojouyoo) [e)SKg  -UOID IR[NIID) 10309g  eare [eorydesSoon  odAx, Juewmooqg [eunop

ju”uo)

XU

UOTJRULIOJUT [2IOUSD)

(panunuoD)

‘€ 9IqBL

R&D Management 2024 19

© 2024 The Author(s). R&D Management published by RADMA and John Wiley & Sons Ltd.



14679310, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/radm.12715 by Test, Wiley Online Library on [03/09/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

e}
A
Z
3
3
>
(01 =N) SMIIAIA) uonINpoLg =
-Ul PAINONIS-TWS q [eIoUdD) [eIouoD) dr 12upa]) Jo puinop (£202) ‘Te 10 Yuloyg =
Q0UdBI[[AIUT [RIOYNIR Lm
(1=N) 9582 9JI| ‘Sunndwod pnopd ‘sonkeue (Suryuryy) =
Sureys-oig  -[ear e woij ojdwexyg /0 eep S1q ‘sSuryy Jo jourejuy Q[0kd 1] dar Knpgouiisng (€207 'Te 30 uey ,m
ureyoyoo[q ‘sonAreue ejep <
(FOY'ST=N) 51q ‘s3ury Jo jeureuy ‘s10q =
SHINS jaserep ueadoing -o1 snowouojne ‘Sunnduwod U01INPOLJ ADn
ueodoing © Jo sIsA[euy g Pnopo ‘@oudI[AU] [BIOYNIY AATOSN SHINS adomyg dr A2up2]) Jo [puinof (€£200) 'Te 12 YIpuL] o
JUWMISDUD ] kw,.
BIPUJ $10J09S (LET=N) ureyo uoyvuLofuf 3
SOIUONI[T NAS-STd SIAST ADA /0 [erouany  A[ddns remnoir) dr  asudiayur fo puinop (€200 Testeq m
SHIN'S Sur (suuaty Qoudgi[[eyur [eroynIe ‘sSury) 2
-Injoejnuew 6=N) SMIIAINUI JO JouIdu] ‘sonAeue ejep (Sunyury) =
ueipeue)) paImonns-ruag q 31q ‘Sunmoejnuew 9ANIPPY Q[oKd 1] SHINS dr uo1]2f] (£70) NeAASLD) pue z)ug m
U SVUD A Wa
SHINS AL3oj0uyda] M
Sunmoey ALY L1091 Surmonfnuvpy S
-nueW 3saUYD) VO H(82Z=N) S1d [euonmnsuy q [eIoUaD [eoUD) SHINS dr Jo ppuinop (€200) 14of pue 11y M
9[0Ada1 ‘army 3
-oeJnuewal =
‘ugisop Je[no @
-I10 JuawaINd JUIUIUOLIAUT 1Y) 5}
(987=N) IWAS q/0 [eIoUdD) -oxd renox) dAnowomy BUIYD dr  puv £8aip.a1§ ssauisng (2202) "B 19 N m
A3o[ouyd9) UOHEITUNWIWOD M
pue UONBWLIOJUI “9oudT1| =
=
-[oul [RIOTIR ‘STUTY) JO Suriaou13usg <+
JoUIU] ‘$10qOJ SNOWOoUoINe o1y g
o) ‘wsAs [eorsAyd-10qh) [eIouan) Suruy od papry 4amdwio)) (2207 T8 19 10bex m
A30[0uyd9) UOHEITUNWIWOD

pue uoneunojur ‘Sunndwod  aImoeINUERIAI

PNOO ‘UreyoYo0[q ‘s10qox ‘ysiginjax

snowouone ‘Surmoejnuew  ‘redar ‘opow

QADIpPE ‘doudSi[orul ssouisng Je|
SMOTAIONUT [eroynIe ‘sgumy) jo -NOIID ‘asnal <
~ PaIMONNS-TWAS o) JouIU] ‘sonAreue eiep S1g  ‘9[0AdaI ‘9onpay ordnnAl adong dr npgouivisng  (7g0g) SQUO[ pue UUAM m
N Spong S
.M [pIudUIOIAUT m
3 o) QOUASI[IUI [BIOYNIY  SONSISO[ ASIOARY dar Jo uawaSvunpy (2207 "Te 12 UOS[IM >
= g
S uone3nsoAul syoadse Awo s1oyIny 3
.W Jo X0 KSo[opoyloN Kooy, odAy Apmg soro[ouyod) [e)SIg  -U0DJ Je[NdIID) 10100S  eare [eoryderSoon  odAy, yuowmooq [ewnof W

=
m JuAUOD 1XUOD) UOTBULIOJUT [RIOUID) M
“

= o
< (ponunuo)) ¢ dqeL, 3\



14679310, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/radm.12715 by Test, Wiley Online Library on [03/09/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Digital technologies and circular economy

(senunuo))
$10qOI SnowouoINe
Q0URFI[AIUI [RIOLTIIR
‘BuLimorynueW SANIPPE  I9A0DAI NUIY)
‘Sunndwods pnopo ‘sonkfeue -a1 ‘asnal UONINPOL
(Z91=N) ST1d-NgS q e1ep S1q ‘SSuIy) Jo 1ouIU  9[2Kdax “9onpay dr  touvap) fo ppuanop (€£207) 'Te 10 pULIRYS
suLy Sur
-Inoejnuew
ur Sunyiom sonA[eue ejep uoydumnsuo)
sOdD 1o 31q ‘ureyoyoolq ‘oouadijarur pup uonINpoLq
s1o3euRN (ZET =N) Aoamg AOY ‘ADd a [eroynIe ‘SSury) Jo JouIelu] [eIouoD) JoBJNUBA eLysny dr 21qpuIIsng (£202) 'Te 10 13S0yos
Sururesy suryorw
‘uonenuurs ‘s3ury) jo ureyo
(LST=N) S1d-WHS H 1eumu dousijfiul [eroynry - Addns renony dr $ous1807  (€207) ‘I8 10 1ousewoy
Kyipear pajuowr
-3ne ‘sj0qo1 snowouoine
‘weIsAs TearsAyd-1oqAo
‘uim) [ensip ‘sonkeue
eyep S1q ‘eouagijour
[RIOLIIE ‘UIRyON00[q ‘Sul 1Y2UDaSAY
(6=N) smara -INJOBJNUBW 9ANIPPE ‘sSury) [opow ssou JUIWISPUD ] UL (£207) Teypequy
-1l CTHIVINAA q  Jjojeurau] ‘Sunndwod pnopD) -1Snq Ie[noII) “JORJNURIA] Al saoupapy fo jpuinop pue yseyeiq
3u110£02y
P UOIDAUISUO))
doysyiopm ADA q [eIoUSD) [eIouan) dr §20UN0SY (€202) "I® 12 SUOYO
Sunmornuew
QADIPPE ‘S10qOI SNOWOUOINE
‘Kypear poyuowsne ‘uorn
-R[NWIS ‘UONRIZAIUT SW)ISAS
swy [BO1IOA/[BIUOZLIOY ‘UTRYD
[eLnsnpur -)00[q pue AJLINd9sIAqAD
ueipel] ‘Bunndwods pnopd ‘sonkreue JUUUOLIAUT YY)
uyuoN  (11=N) Apmis ase) 10d q ejep S1q ‘sSury) Jo Jouru] [eIouoD) JoByNUBA dr pup £8a1p41§ ssauisng (e€T07) T 10 LN
[opow ssau
-1Snq Ie[noII
w:v_Eo&::mE “asnal ‘ainy
QATIPpE ‘S10qOI SNOWOUOINE -oBJNUBII
‘Kyiear poyuowSne ‘uon 9okdar ‘ysiq
-B[NWIS ‘UONRITAIUT SWISAS -INJa1 ‘Qonpar
[BO1IOA/[BIUOZLIOY ‘UTRYD ‘ureyo A1ddns
SHINS -)00[q pue AJLINJISINGAD IR[NOIID
Sunmoey (IT=N) SMAIAI) ‘Sunndwoo pnopo ‘sonkreue ‘Louarongje JUWUOLIAUT Y]
-NUEW ULT[R)]  -UI PAINJONI)S-TWOS q e1ep S1q ‘sSury jo Jourauy 0IN0SoY oBINUBIA dr pup £821p41§ ssauisng (9€707) ‘T8 19 LION
uonesnsoAul syoadse Awo sioyIny
Jo 1xa)u0) KSoopoyioN K1ooyy, odKy Apmg sarSojouyoo) eI  -UOJD IR[NIID) 10309g  eare eorydesoon  odAy, Juewmooq [euwrnof

juAuo)

1X9U0)H uonewIojul [RIdUID)

(ponunuo)) ¢ dqBL,

R&D Management 2024 21

© 2024 The Author(s). R&D Management published by RADMA and John Wiley & Sons Ltd.



Alessandra Neri et al.

*$3STIAIOIUQ PIZIS-WNIPAW PUE -[[BWS ‘SHIAS :UONESTISAAUT JO JXAU0D)
‘uonn[os [eapI 01 AJLe[IuIs Aq 20ua1ajaI1d 1opIo 10J anbruyde) ‘STSJOL ‘SISARUL ONIRI JUAWSSSSE JY31am asimdals ‘WY v S Surfjopowr uonenba [emonns ‘NS <sarenbs isea] fented ‘S1d

(Surwrerdoid eaury 1039)ut 2an03[qo-nnw IO Suruwerdord resur] 1039jul paxIw JIIIA :uonedsyisseld o3 parjdde uonesrdnnuw xiew 10edwi-sso1d ‘QVINDIIN (SisA[eue dnoi3-ninw ‘yOIA ‘Sunjew
UOISIOdp eLIILIO-o[dNNUW ‘WADIA <Sulf[opout [eInonas aAnaIdioiul ‘NS $19s Azznj panfea-[ealaiul ‘SIAT yorodde onatoay) yderd ‘.0 ‘sisA[eue 1010e] K101RI10[dX9 ‘VH {UONRIAWIS JUIAS JAIOSIP ‘SHJ
¢K101RI0QET UOTIEN[RAF PUE [RLL], SURRIA-UOTSIO “THIVINAC SISA[BUL J0)0B] AIOJRULIUOD ‘WD) ‘POYIAW ISIOM—1Sq ‘AN SI0MIQU [BINAU [RIOYTIE NNV $SSe001d Ayorerary onATeue ‘JHY :A30[opoyiojy
“ul] wonoq [din “Jg [, {MATA UONBIISAYDIO AIINOSAT ‘AQY ‘MITA PISLQ-9IN0SAI ‘A Y MIIA paseq-donoerd
‘Add ‘A1091) Su1ssa001d uoneULIOJUI [BUONESIURSIO ‘I IO ‘MIIA Paseq-a3pajmouy ‘gAY K109y} uonesiuopoul [ed130[099 ‘LINH ‘A1oayy sanijiqedes orueukp ‘1O ‘mara sanijiqedes orweulp ‘A K109y,
*(3X9)u0d uonesnsaaul ‘A3ojopoyau ‘K10 ‘Yoreasar fesurdwe pue [emdoouod gy reorndwa g remdaouod 1) o'1 ‘ad£) Juswnoop ‘seroouyod) [BI3Ip ‘spoadse AWouode Iend

-110) JuUJUOI £(10323s ‘eare [eorydeiSoas) 1xuood {(191deyd yooq g 1eded ouarojuod 4D ‘1oded [eunol : g 971 ‘2d£) Juawnoop ‘[eurnol ‘Teak ‘sioyne) uonewIojul [BIAUIT :FuImooy ay3 syrodar 9[qes Ay,

(987 =N) JUUISVUD
SWUIJ [BLO  9SeqRIRp WOIJ viep [DIUUUOLIAUT
-SNpUI ASAUIY)  UO [9POW UOLIRIPIIN ADA q AELIET) [eIoUaD) dr Jo jpuanop (€207) ueq pue ueng
SHINS *OIN
ouo snid)
Auewion (6T=N)
‘Sunpopd KoAIns pue [erx Sumyporo (€207) uukpy
pue 9[nxa], -91ew A1epu0d9g q [eIoUQD) [eIoUoD) pue o[nxaL Auewrron dr npgouiisng pue pueSorp
[opour ssau uoyINPOLJ (€207) 1jorezuen
(L=N) Kpms ase) q [BIOUOD  -ISNq Je[NOII) dr 42upa]) Jo puinop pue pnoyody uea
uonesnsoAur syoadse Awo sioyny
JO IXQUo) K3o1opoyioN Kooy, odA) Apms sarojouyod) ()31 -U0D3 IB[NJIID) 10100S  eare [eoryderSoon  adA, yuswmooq [euinof
JuAUOD 1XJU0D) UOIRULIOJUT [RIQUAD)
(penunuo))  “¢ dqeL

14679310, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/radm.12715 by Test, Wiley Online Library on [03/09/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

© 2024 The Author(s). R&D Management published by RADMA and John Wiley & Sons Ltd.

22 R&D Management 2024



conference papers (15%; n=25) and book chap-
ters (about 2%; n=3), namely De Marchi and
Di Maria (2020), Okorie et al. (2021), Yaqot
et al. (2022). Regarding the source of jour-
nal papers (Figure 3), the largest shares are in
Sustainability (n=24), Business Strategy and
the Environment (n=14), Journal of Cleaner
Production (n=13) and Production Planning
and Control (n=38). Therefore, the topic has been
mainly addressed at the intersection of Business,
Management and Accounting and Environmental
Science subject areas (https://www.scimagojr.
com). However, recently the topic has also started
to be studied from more technical sources such as
Computer Networks or Computers and Industrial
Engineering, so from the perspective of the
Computer Science subject area.

Number of Contributions per Year

80 180
70 160
60 140
50 120
100
40
80
30 60
20 40
10 I 20
0 0
2017 2018 2019 2020 2021 2022 2023
mmmm N° of contributions e Cumulated n° of contributions

Figure 2. Temporal distribution of reviewed contributions.
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3.2. Context

Most contributions (about 75%; n=129) do not focus
on a specific geographical region. However, there
is a significant focus on Asia (n=14), particularly
India (n=7) (e.g. Kamble and Gunasekaran, 2021;
Agarwal et al., 2022), China and Pakistan (n=3)
(e.g. Khan and Yu, 2021; Khan et al., 2022b),
Bangladesh, China, Malaysia, United Arab Emirates
(n=1, each) respectively, Dwivedi and Paul (2022),
Yu et al. (2022), Khan et al. (2021c, 2022a) and
towards Europe (n=15), especially Italy (n=4)
(e.g. Del Vecchio et al., 2021; Magrini et al., 2021),
Germany (n=2), namely Neligan (2018) and
Wiegand and Wynn (2023), Austria, Czech Republic,
Finland, Greece, Norway, The Netherlands (n=1,
each), respectively, Schoggl et al. (2023), Awan
et al. (2021b), Jarvenpdd et al. (2021), Mastos
et al. (2021), Huynh (2022), Cetin et al. (2022). The
manufacturing sector is addressed from a general
perspective (n=34) or with a focus on specific sub-
sectors, such as automotive (n=8) (e.g. Makarova
et al., 2018; de Mattos Nascimento et al., 2022a), tex-
tile (n=4) (e.g. Shayganmehr et al., 2021; Wiegand
and Wynn, 2023) and food (n=2), namely Lopes de
Sousa Jabbour et al. (2021) and Sharma et al. (2021b).
As for size, almost all contributions do not have a
specific target, but a few studies specifically address
small- and medium-sized enterprises (SMEs) (n=9)
(e.g. Ali and Johl, 2023; Findik et al., 2023), large
ones (n=1) (Ingemarsdotter et al., 2020) or medium
and large ones (n=1) (Edwin Cheng et al., 2022).

Number of Contributions per Source
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Conference Proceedings
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Figure 3. Distribution of the reviewed contributions according to their source.
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3.3. Content

3.3.1. Digital technologies and circular economy

A consistent portion of contributions (46%; n="78)
does not draw attention to specific digital technol-
ogies; rather, they address the topic from a general
perspective. The most addressed digital technologies
are the Internet of things (n=49) (e.g. Nascimento
etal., 2019; Ingemarsdotter et al., 2020), big data and
analytics (n=42) (e.g. Makarova et al., 2018; Edwin
Chengetal., 2022), artificial intelligence (n=30) (e.g.
Briechle and Lawrenz, 2021; Wilson et al., 2022) and
cybersecurity and blockchain, mainly regarding the
blockchain (n=25) (e.g. Bekrar et al., 2021; Nandi
et al., 2021). The result aligns with previous insights
(Lei et al., 2022; Hettiarachchi et al., 2022b; Taddei
et al., 2022). An overview of the digital technolo-
gies considered and their occurrence in the reviewed
contributions is offered in Figure 4, while details are
available in Tables 2 and 3.

A large share of contributions (45%; n=177)
addresses circular economy from a general per-
spective. The mainly investigated aspects relate
to remanufacturing (n=24) (e.g. Charnley
et al., 2019; Caterino et al., 2022), recycling
(n=23) (e.g. Kintscher et al., 2020, 2021), cir-
cular business models and circular supply chains
(n=22, each) (e.g. Ranta et al., 2021; Dmitry
et al., 2022; Prakash and Ambedkar, 2023;
Romagnoli et al., 2023) and reuse (n=20) (e.g.
Ugar et al., 2020; Hirota et al., 2022). The findings

support Lei et al. (2022) and Taddei et al. (2022).
An overview of the aspects of the circular economy
considered and their occurrence in the reviewed
contributions is offered in Figure 5, while details
are available in Tables 2 and 3.

Focusing on the combination of digital technolo-
gies and circular economy aspects addressed, inter-
esting insights emerge (Table 4). The combination
‘General-General’ shows the highest occurrence
in the revised literature (n=47). Big data analyt-
ics (n=13), Internet of things (n=12), artificial
intelligence, additive manufacturing, cybersecurity
and blockchain (n=6, each) are largely consid-
ered in discussions involving a general focus on
circular economy, e.g. respectively, Edwin Cheng
et al. (2022), Kazancoglu et al. (2022), Bag and
Pretorius (2022), Hettiarachchi et al. (2022a) and
Nandi et al. (2021). On the other hand, recycling
(n=17), circular business model (n=8) and circu-
lar supply chain (n=6) are the circular economy
aspects more often coupled with a general focus
on digital technologies, e.g. respectively, Kintscher
et al. (2020), Rossi et al. (2020) and Faisal (2023).
Combinations seem to mostly consider circular
supply chain, remanufacture, recycling, reuse and
resource efficiency, with the Internet of things, big
data analytics, cybersecurity and blockchain, artifi-
cial intelligence, additive manufacturing and cloud
computing (e.g. Ingemarsdotter et al., 2019; Khan
and Yu, 2021; de Mattos Nascimento et al., 2022a).
However, most combinations remained uncovered

Number of Contributions per Digital Technology Considered

General

Intemet of Things

Big Data Analytics

Cybersecurity and Blockchain

Artificial Intelligence

Additive Manufacturing

Cloud Computing

Augmented Reality I
Autonomous Robots I
Cyber-Physical System I
Simulation G
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Machine Learning  IE———
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Business Intelligence and Analytics I
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Information Systems Il
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Figure 4. Distribution of the reviewed contributions according to the digital technologies considered.
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Figure 5. Distribution of the reviewed contributions according to the circular economy aspect considered.

by the existing literature (Table 4), leaving room for
future contributions to the knowledge.

3.3.2. Types of relationship

Most of the revised contributions (85%; n=144)
focus on a direct relationship and do not hint at
possible moderators. A limited set (9%; n=13)
considers a direct relationship influenced by the
presence of moderators (e.g. Awan et al., 2021a;
Oyinlola et al., 2022; Rejeb et al., 2022). A small
set depicting a non-direct relationship focuses
on the presence of mediators (6%; n=10) (e.g.
Ranta et al., 2021; Di Maria et al., 2022; Gebhardt
et al., 2022). Among this latter set, the digital-
enabled dynamic capabilities seem to play an
important role (n=4) (Kristoffersen et al., 2021b;
Chari et al., 2022; Neri et al., 2023a; Yuan and
Pan, 2023). Only one contribution considers the
relationship as simultaneously moderated and
mediated (Sharma et al., 2023). Details on the
relationship considered by each contribution are
reported in Appendices A and B.

3.3.3. Types of studies and methodologies used
Most contributions (56%) are theoretical, meaning
both literature reviews (n=54) and conceptual con-
tributions (n=40), aligned with Cagno et al. (2021).
The remaining contributions are equally divided
between pure empirical research (n=38) and concep-
tual/empirical research (n=38), that is, proposing a
conceptual model or framework and then testing or
validating it empirically (Murillo-Luna et al., 2011;
Neri et al., 2018).

© 2024 The Author(s). R&D Management published by RADMA and John Wiley & Sons Ltd.

Qualitative and quantitative methods are
employed. Focusing on the former (n=44), most con-
tributions employ the case study method (n=22) (e.g.
Bressanelli et al., 2018; Ranta et al., 2021), with lim-
ited use of other methods, such as the semi-structured
interviews (n=7) (e.g. Cherrafi et al., 2022; Hojnik
et al., 2023). Contributions applying a quantitative
method (n=47) are mainly based on surveys (n=11)
(e.g. Neligan, 2018; Bag et al., 2021b) and partial
least squares regression (n=21) (e.g. Bag et al., 2020;
Tang et al., 2022). A few contributions rely on mixed
methods (n=7), such as a survey and case study
(Laskurain-Iturbe et al., 2021) or partial least squares
regression and case study (Pinheiro et al., 2022) or
semi-structured interviews and discrete events anal-
ysis (Charnley et al., 2019). Results contrast Cagno
et al. (2021), and two explanations are possible. On
the one hand, research might have moved from an
exploratory to a more descriptive domain as the topic
became increasingly central in the current debate;
on the other hand, the COVID-19 emergency could
have made the case studies less practicable, possi-
bly favouring the increase in the number of surveys.
Focusing on the sample size, the average survey
sample is 241 shreds of evidence, ranging from 19
(Plociennik et al., 2022b) to 1,229 (De Marchi and
Di Maria, 2020). In contrast, the average partial least
squares regression sample is around 219 pieces of
evidence, ranging from 96 (Aldrighetti et al., 2022) to
404 (Khan et al., 2021b). As for contributions based
on case studies, alone or in combination with other
methods (n=25), almost half of them rely only on
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Table 4. Combinations of digital technologies and circular economy aspects as emerged from the revised literature,

with the details of their occurrence

Digital technologies

General  Internet of Bigdata  Cybersecurity — Artificial Additive Cloud Augmented Autonomous  Cyber-Physical
things analytics  and intelligence ~ manufacturing ~ computing reality robots system
blockchain

Circular General
econ-
omy Remanufacture
aspects  Recycle

Circular business
model

Circular supply chain

Reuse

Resource efficiency 4
Life cycle (thinking) 3
Disassembly 3 2 2
ReSOLVE 1 5
Circular procurement 4 2)
Recover 2 3 3 2
Reduce 1 4 4 3
Refurbish 1 3 4 3
Reverse logistics 2 1 1
10Rs 1 2 2 2
Circular design 3 3
Repair 3 2 3
9Rs 1 1
Digital 1 1 1 1
transformation
Life cycle assessment 2 1 2
Redesign 1
Rethink 1 1 1
3Rs 1 1
Circular
manufacturing
Green manufacturing 1
Industrial symbiosis 1
Regenerate 1 1 1
Reversed supply 1
chain
Smart products 1 1 1
and services,

servitisation

3
2
3
3
5 5
s e
4 4 4
2 2 1
3 1 1 3 1
3 4 2 3 2
2 1 1 1
4 3 2 3
5 4 1 3 2
2 2 2 2 2
2 2 1 1
1
1 1 1 1
1 1
1 1 1

Darkest blue: more than 15 occurrences; dark blue: between 11 and 15 occurrences (included); medium blue: between 6 and 10 oc-
currences (included); light blue: between 2 and 5 occurrences (included); lightest blue: 1 occurrence.

a single case study (n=11) (e.g. Pham et al., 2019;
Plociennik et al., 2022a), whereas few contributions
conducted between 5 and 10 case studies (n=3)
(Magrini et al., 2021; Huynh, 2022; van Eechoud and
Ganzaroli, 2023) and more than 10 case studies (n=2)
(Laskurain-Iturbe et al., 2021; Neri et al., 2023a). The
average number of case studies conducted is 4.

4. Emerging themes
This section presents the principal themes that have

emerged from the literature review. The literature has
mostly analysed the relationship as a direct one, yet

26 R&D Management 2024

it also yielded interesting insights into the concep-
tualisation of a non-direct relationship and of pos-
sible mediators. The section provides an overview
of the relationship between digital technologies
and the circular economy, demonstrating how the
former can support the implementation of the lat-
ter (Section 4.1). Previous contributions primarily
focused on the role of individual digital technologies
in facilitating the implementation of circular econ-
omy principles (Section 4.1.1). However, insights
can also be gained from examining the potential
synergies resulting from concurrently adopting mul-
tiple digital technologies (Section 4.1.2). The section
then examines the role of moderators and mediators,

© 2024 The Author(s). R&D Management published by RADMA and John Wiley & Sons Ltd.
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moving from a discussion of both direct and indirect
relationships (Section 4.2).

4.1. The relationship between digital
technology adoption and circular
economy implementation

4.1.1. Single digital technologies

Digital technologies have proved to support the
effective implementation of a circular economy; see
also Chauhan et al. (2022) and Dmitry et al. (2022).
A set of main contributing digital technologies can
be identified, namely the Internet of things, big
data analytics, additive manufacturing and artificial

© 2024 The Author(s). R&D Management published by RADMA and John Wiley & Sons Ltd.

intelligence (Lei et al., 2022; Taddei et al., 2022;
Wynn and Jones, 2022). The main circular economy
aspects relate to efficiency in resource use, reman-
ufacture and circular design (Khan et al., 2021c,
2022b, 2022c; Pinheiro et al., 2022). The review
suggests that efforts primarily focus on resource effi-
ciency, as noted previously (Elia et al., 2020; Mura
et al., 2020; Nudurupati et al., 2022). The most effec-
tive digital technologies for implementing a circu-
lar economy in manufacturing align with previous
research. The Internet of things is recognised for its
versatility (Atzori et al., 2017), and it is commonly
integrated with artificial intelligence and big data
analytics, allowing for automated control (Marcon
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et al., 2022). Additive manufacturing, while still lim-
itedly adopted, has been shown to support various
aspects of the circular economy, such as production
management, resource use and design (Despeisse
et al., 2017; Kamble and Gunasekaran, 2021; Neri
et al., 2023b).

Digital technologies can strongly support the
manufacturing sector’s transition towards a circular
economy in different sub-sectors (Neri et al., 2023b),
such as electronics (De Felice and Petrillo, 2021;
Magrini et al., 2021; Pinheiro et al., 2022), elec-
tric vehicles and battery manufacture (Kintscher
et al., 2021; Stavropoulos et al., 2022) and textile
(Kayikei et al., 2022b; Wiegand and Wynn, 2023).
Table 5 reports the support offered by single digital
technology to implement circular economy aspects,
as emerged from the review.

4.1.2. Concurrent adoption of digital technologies
The concurrent adoption of various digital technol-
ogies can offer relevant support as well. It is indeed
recommended to implement multiple digital technol-
ogies simultaneously rather than using them individ-
ually (Rusch et al., 2023).

Integrating digital technologies in digital eco-
systems is valuable support for defining circular
business models (Abideen et al., 2021; Elghaish
et al., 2022), especially in the context of the supply
chain (Ertz et al., 2022). Cyber-physical systems that
integrate digital technologies can effectively manage
the end of life of e-waste, supporting aspects related
to remanufacturing, reuse, recycling and disassembly
(Okorie et al., 2021; Patil et al., 2022).

The adoption of additive manufacturing, big
data analytics, the Internet of things, artificial intel-
ligence and automated robots can significantly
enhance process efficiency by collecting and analys-
ing real-time data (Ghoreishi and Happonen, 2022;
Patyal et al., 2022). This is particularly true in the
early stages of a product’s life cycle, which can pro-
mote the development of a circular product (Rusch
et al., 2023).

Integrating the Internet of things and artificial
intelligence can improve resource efficiency and
enhance product usage. The integration can also
favour the disassembly and remanufacturing pro-
cesses, thanks to learning techniques and big data
processing (Agrawal et al., 2022b). Furthermore, it
enables traceability (Abideen et al., 2021). Artificial
intelligence and big data analytics support pro-
cess innovation by analysing collected data (Liu
et al., 2022) and providing solutions for various recy-
cling paths (Bag et al., 2021a). The adoption of big
data analytics, simulation and digital twin technol-
ogy can aid in end-of-life management, specifically

28 R&D Management 2024

regarding recycling, reusing and remanufacturing,
by assessing the evolution of product behaviours
and characteristics (Briechle and Lawrenz, 2021;
Tiwari et al., 2021; Edwin Cheng et al., 2022).
Artificial intelligence and autonomous robots can
optimise recycling operations (Elghaish et al., 2022).
Additionally, their combination with simulation can
support remanufacturing activities (Stavropoulos
et al., 2022).

The combined adoption of the Internet of things
and blockchain facilitates a transparent information
flow throughout the product life cycle, promoting
activities such as reuse, repair and recycling (Magrini
et al., 2021; Huynh, 2022) and waste reduction (Neri
et al., 2023b). Integrating cybersecurity and block-
chain with other digital technologies or platforms
is useful to enable secure data sharing among dif-
ferent stakeholders in the supply chain (Caterino
et al., 2022; Dmitry et al., 2022).

4.2. Moderators and mediators of the
relationship

4.2.1. Moderators
Organisational, technological and social factors
moderate the relationship between adopting digi-
tal technologies and implementing a circular econ-
omy (Gupta and Singh, 2021; Kumar et al., 2021,
Shayganmehr et al., 2021). The moderators identified
include top management commitment (Kazancoglu
et al., 2021), culture, training and educational activ-
ities (Bag et al., 2021c; Mastos et al., 2021), compe-
tencies such as digital (Rejeb et al., 2022), analytical
(Kazancoglu et al., 2021), technical (Shayganmehr
et al., 2021), and digitalisation (Sahu et al., 2022)
skills. Another emerging moderator is the involve-
ment of stakeholders, such as governments, custom-
ers and suppliers, already at the stage of strategy
definition and decision making (Awan et al., 2021a;
Hettiarachchi et al., 2022a; Sahu et al., 2022).
Among stakeholders, multinational corporations can
play a key role in fostering the relationship between
digital technologies and circular economy in third-
party enterprises, particularly start-ups and SMEs
(Oyinlola et al., 2022). Research institutes and uni-
versities provide essential support by facilitating the
adoption of digital technologies (Bag et al., 2021c).
The turbulent environment in which a firm oper-
ates, also referred to as ‘industry dynamism’ (Bag
et al., 2021a), proved to moderate the effects of the
concurrent adoption of big data analytics and artifi-
cial intelligence and circular economy implementa-
tion (Bag et al., 2021a). Also, the firm’s size emerged
as a significant moderator (Huang et al., 2022), as
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Figure 6. Moderators of the relationship between digital technologies and circular economy, identified according to the literature review.
The moderators are reported in alphabetical order; the order does not indicate the relevance of the moderators.

larger firms possess greater resources to adopt digital
technologies and are more likely to prioritise circu-
lar economy strategies (Ali and Johl, 2023). Figure 6
provides a snapshot of the identified moderators.

4.2.2. Mediators

Recent contributions explored the non-direct rela-
tionship between adopting digital technologies
and implementing a circular economy, observing
the presence of ‘transitivity paths’ (Godinho Filho
et al., 2022) or mediators.

Di Maria et al. (2022) highlight the role of sup-
ply chain integration in mediating the relationship
between smart manufacturing technologies, such as
autonomous robots, additive manufacturing and aug-
mented reality and implementing a circular economy
through enhanced collaborations within and between
companies. Yuan and Pan (2023) define this as ‘supply
chain dynamic capabilities’. According to Gebhardt
et al. (2022), adopting digital technologies for infor-
mation exchange and traceability can support collab-
oration among different partners, which is considered
crucial for the circular economy. Additionally, Ranta
et al. (2021) suggest that the adoption of digital tech-
nologies can increase efficiency, improve collabora-
tion and optimise processes, thereby facilitating the
implementation of circular business models. Sharma
et al. (2023) propose that adopting digital technol-
ogies can enhance the implementation of a circular
economy, with green logistics meant as sustainable
transportation, promoting sustainable packaging and
sharing of environmental information across the net-
work, serving as a mediator.

Faisal (2023) asserts that adopting digital tech-
nologies can support dynamic capabilities related
to servitisation, coopetition and knowledge and
skills that, in turn, can enhance the circular econ-
omy performance of the supply chain. According to
Kristoffersen et al. (2021a, 2021b), implementing a
circular economy is mediated by the capability of
business analytics, which emphasises the non-direct
nature of the relationship with big data analytics.
Similarly, Chari et al. (2022) and Neri et al. (2023a)
suggest that digital technologies are essential for
generating digital-enabled dynamic capabilities that
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ultimately lead to implementing circular economy
practices.

The role of digital-enabled dynamic capabilities as
a mediator emerged thus as a promising and import-
ant topic that requires further exploration and under-
standing (Kamble and Gunasekaran, 2021; Cherrafi
et al.,, 2022; Okorie et al., 2023). Kiristoffersen
et al. (2021b) assert that big data analytics is cru-
cial to developing a business analytics capability
to implement the circular economy. According to
Kristoffersen et al. (2021b), research has so far pri-
marily concentrated on identifying the resources
necessary for implementing big data analytics, not
deepening the comprehension of how to cultivate the
corresponding capability, which is indeed what facil-
itates the conversion of data into actionable insights.
Kristoffersen et al. (2021a) further note that the busi-
ness analytics capability is optional for implement-
ing a circular economy. Still, it can help enterprises
understand how to impact their investments in the cir-
cular economy significantly. Bag et al. (2021c) assert
that dynamic capabilities are essential for implement-
ing the 10Rs model. They further note that the mere
presence of a resource is insufficient to influence an
enterprise’s performance; instead, how the practices
are implemented has a more significant impact. Bag
et al. (2021e) suggest that dynamic remanufactur-
ing capabilities can be achieved through improved
information flow and strategic control. This can
result in enhanced visibility for better management
of customer demand, increased agility and opti-
mised processes, all of which can positively impact
remanufacturing. Chari et al. (2022) argue that dig-
ital technologies can enable dynamic capabilities
for communication, resources, technology and col-
laboration, all enabling the circular economy. Neri
et al. (2023a) explore the potential of digital-enabled
dynamic capabilities to facilitate the implementation
of a circular economy through business transforma-
tions. Their study examines the sensing, seizing and
transforming dynamic capabilities and offers insights
into their micro-foundations.

Figure 7 provides a snapshot of the identified
moderators.
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Figure 7. Mediators of the relationship between digital technologies and circular economy, identified according to the literature review.

5. Summary and future research
directions

Based on the performed review, reflecting on current
trends in research and practice, we identify and dis-
cuss current limitations and future research streams to
investigate the relationship between digital technolo-
gies adoption and circular economy implementation.

While research has investigated the connec-
tion between digital technologies and the circular
economy, a knowledge gap persists. Existing stud-
ies often adopt a general perspective, treating both
digital technologies and circular economy practices
as broad concepts (Table 4). This approach, while
valuable for providing a foundational understand-
ing, has limitations. It hinders our ability to explore
how particular digital technologies can uniquely
support specific circular economy practices and the
requirements for successfully adopting these tech-
nologies or practices. Although recent efforts have
addressed the earlier issues (Aldrighetti et al., 2022;
Wynn and Jones, 2022; Sharma et al., 2023), addi-
tional holistic research is needed (Lei et al., 2022).
Future research should investigate synergistic inter-
actions between digital technologies and circular
economy practices (Ertz et al., 2022; Hettiarachchi
et al., 2022b). This focus on synergies can pro-
vide valuable insights to accelerate the transition
towards a more circular economy through proper
exploitation of innovation. Indeed, the simulta-
neous adoption of digital technologies also offers
several potentials to foster the transition of compa-
nies towards the Industry 4.0 paradigm (Facchini
et al., 2022); on the other hand, further efforts
should simultaneously consider different aspects
of the circular economy (Schoggl et al., 2023).
Previous literature underlined the need for such a
holistic approach (Chaudhuri et al., 2022; Dmitry
et al., 2022; Tang et al., 2022). We therefore make
the following suggestion for future research:

© 2024 The Author(s). R&D Management published by RADMA and John Wiley & Sons Ltd.

Future direction No. 1. Conduct a holistic investiga-
tion of the role of digital technologies in supporting
the transition of the manufacturing sector to a circu-
lar economy.

The relationship between digital technologies and
the circular economy is mainly addressed directly,
with a limited focus on moderators. Furthermore, the
non-direct relationship, particularly the role of medi-
ators, must be more widely addressed. As Kamble
and Gunasekaran (2021) suggested, further efforts
should be focused on comprehensively understand-
ing the factors that may influence the relationship.

Concerning moderators, the reviewed contribu-
tions consider the relevance of internal and exter-
nal stakeholders (Awan et al., 2021a; Hettiarachchi
et al, 2021) and competencies (Kazancoglu
et al., 2021). However, the role of ‘climates’ as mod-
erators is largely emphasised in the literature but not
in the existing knowledge on the relationship between
digital technologies and the circular economy. A
climate is a shared perception of policies, practices
and procedures characterising an organisation (Jiang
and Probst, 2015). Several climates can be derived
from the literature, such as the sustainability climate,
which represents possible approaches to sustainabil-
ity (Neri et al., 2021, 2022). Thus, it is possible that
the digital and circular economy climate could mod-
erate the relationship between digital technologies’
adoption and circular economy implementation in
manufacturing firms. Therefore, we make the follow-
ing suggestion for future research:

Future direction No. 2. Identify the moderators of the
relationship between adopting digital technologies
and implementing a circular economy in the manu-
facturing sector and understand their influence.

In particular:

Future direction No. 2a. Understand the role of
stakeholders in moderating the relationship between
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adopting digital technologies and implementing a
circular economy in the manufacturing sector.

Future direction No. 2b. Understand the role of com-
petencies in moderating the relationship between
adopting digital technologies and implementing a
circular economy in the manufacturing sector.

Future direction No. 2c. Identify the climates moder-
ating the relationship between adopting digital tech-
nologies and implementing a circular economy in the
manufacturing sector and understand their influence.

Regarding mediators, the reviewed contributions
offered a limited investigation, focusing mainly
on collaboration (Di Maria et al., 2022; Yuan and
Pan, 2023), skills and procedures (Ranta et al., 2021;
Sharma et al., 2023) and green logistics (Sharma
et al., 2023). However, mediators must be identified
to properly harness digital technologies’ potential to
support a circular economy, as suggested by Kamble
and Gunasekaran (2021). We therefore make the fol-
lowing suggestion for future research:

Future direction No. 3. Identify the mediators of the
relationship between adopting digital technologies
and implementing a circular economy in the manu-
facturing sector and understand their influence.

Among the proposed mediators, digital-enabled
dynamic capabilities play a relevant role (Awan
et al., 2022; Chari et al., 2022). Dynamic capabilities
allow enterprises to constantly reconfigure and renew
operational capabilities (Ambrosini et al., 2009;
Protogerou et al., 2012) to keep pace with a constantly
evolving scenario. Internal and external organisational
skills are adapted, integrated and reconfigured (Teece
et al., 1997) through technological, organisational and
strategic innovation (Helfat et al., 2007). Dynamic
capabilities have been studied for quite some time
(Winter, 2003; Teece, 2007; Ambrosini et al., 2009),
but only recently have they been acknowledged as
a driver for circular economy in the industry (Bag
etal.,2021c; Kohler et al., 2022; Coppola et al., 2023).
The discussion recently focused on how digital tech-
nologies can lead to digital-enabled dynamic capa-
bilities (Teece, 2018; Roscoe et al., 2019; Yaqot
et al.,, 2022). Khan et al. (2020a) and Santa-Maria
et al. (2022) report on the impact of both technological
upgrading and research and development on dynamic
capabilities, and similar insights are provided by Khan
et al. (2020b) and Belhadi et al. (2022). Considering
the review’s findings, the literature recognises the
relationship between digital-enabled dynamic capa-
bilities and circular economy implementation (Okorie
etal., 2023). Despite the growing interest, the evidence
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currently available is scattered and fragmented.
Contributions focus on selected digital technologies
that enable a limited set of dynamic capabilities,
such as Kristoffersen et al. (2021a, 2021b), or are
based on the study of a limited context, such as Neri
et al. (2023a). Consequently, there is a lack of clear
guidance, especially for practitioners. Such guidance
is needed to understand the most promising digital
technologies in business transformation, allowing
practitioners to allocate resources effectively. This is
especially true in a scenario where enterprises, particu-
larly SMEs, may be characterised by limited resources
such as time, staff and money to dedicate to adopting
digital technologies and implementing the circular
economy (Ali and Johl, 2023). The categorisation of
digital-enabled dynamic capabilities, their micro-
foundations and the mechanisms for their generation
have not been extensively developed. Furthermore, the
role of digital-enabled dynamic capabilities in influ-
encing circular economy implementation has not been
thoroughly explored. However, with further research
and analysis, a clear and organised discussion can be
developed. We therefore offer the following sugges-
tion for future research:

Future direction No. 4. Investigate the role of digital-
enabled dynamic capabilities as mediators of the re-
lationship between adopting digital technologies and
implementing a circular economy in the manufactur-
ing sector.

As widely recognised (Bressanelli et al., 2022), col-
laboration with upstream, downstream, cross-industry
and government stakeholders can be of support for
both the adoption of digital technologies (Kayikci
et al.,, 2022a) and the implementation of a circular
economy (Negri et al., 2021; Cagno et al., 2023).
However, the knowledge on this specific aspect is still
limited, as also noted by Di Maria et al. (2022) and
Oyinlola et al. (2022), calling for further research.
Furthermore, drawing on Kristoffersen et al. (2021b),
stakeholders’ engagement in a transparent and collab-
orative environment is crucial to support enterprises
in developing digital-enabled dynamic capabilities.
Hence, stakeholders’ involvement may influence the
adoption of digital technologies and the generation
of digital-enabled dynamic capabilities. We therefore
offer the following suggestion for future research:

Future direction No. 5a. Investigate the role of
stakeholders’ engagement in the adoption of digital
technologies.

Future direction No. 5b. Investigate the role of stake-
holders’ engagement in generating digital-enabled
dynamic capabilities.
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Empirical research is strongly recommended to
explore all the above future directions, as it is gen-
erally lacking in the existing literature. Contributions
dealing with the relationship between digital tech-
nologies and the circular economy are largely con-
ceptual, such as Elghaish et al. (2022) and de Mattos
Nascimento et al. (2022a): for this reason, many of
these contributions call for empirical applications
(see Skalli et al., 2022; Wynn and Jones, 2022; Rusch
et al., 2023). Qualitative empirical research has
been called for Yaqot et al. (2022), for which semi-
structured interviews or case studies seem the pre-
ferred methods (Gupta and Singh, 2021; Aldrighetti
et al., 2022). The need for additional quantitative
empirical applications is also highlighted (Laskurain-
Iturbe et al., 2021; Sahu et al., 2022), especially to
obtain statistical validation (Bag and Pretorius, 2022).
Among the possible methods, partial least squares
regression emerges as promising (Khan et al., 2021a;
Sharma et al., 2021a). We therefore make the follow-
ing suggestion for future research:

Future direction No. 6: Conduct qualitative and
quantitative empirical investigations to deepen our
understanding of the relationship between adopting
digital technologies and implementing a circular
economy in the manufacturing sector.

The role of contextual factors should be considered
when considering all the previous suggestions (Neri
et al., 2021; Lopes de Sousa Jabbour et al., 2022).
Contextual factors can influence the overall strategies
of enterprises (Choudhury, 2016). The list of possi-
ble contextual factors is quite extensive. Still, for

Digital technologies and circular economy

simplicity, it is possible to refer to the classification
proposed by Sousa and Voss (2008), which considers
four main factors: national context and culture, firm
size, strategic context and other organisational vari-
ables, such as the specific sector in which the firm
operates. Contextual factors should be duly consid-
ered to characterise the context studied (Aldrighetti
et al., 2022; Huynh, 2022) and the existing literature
offers suggestions for studying different countries and
sectors (Bag et al., 2021e; Pinheiro et al., 2022) or
the size (Cetin et al., 2022; Huang et al., 2022). We
therefore make the following suggestion for future
research:

Future direction No. 7. Understand the role of contex-
tual factors in influencing the relationship between
adopting digital technologies and implementing a
circular economy in the manufacturing sector.

Figure 8 proposes a visualisation of the suggested
future directions.

6. Conclusions

The article critically reviewed the extant knowledge on
the relationship between adopting digital technologies
and implementing a circular economy in manufactur-
ing firms. The findings provide insights into the proper
exploitation of innovation, in the form of Industry
4.0’s digital technologies, to improve the industry’s
environmental impact in the circular economy.

We provided an overview of the current knowl-
edge base, allowing for a comprehensive list of axes
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for the analysis; such axes could be useful for aca-
demics and practitioners alike as a reference guide
to continue exploring the topic, especially concern-
ing moderators and mediators. As digital-enabled
dynamic capabilities emerged as a relevant media-
tor, we recommend future studies to understand how
adopting digital technologies helps adapt, integrate
and reconfigure operational capabilities for support-
ing circular economy implementation.

We suggested seven streams for future research that
we deem necessary to deepen the understanding of
the relationship between digital technologies and the
circular economy. We thus offer an interesting base
for explanatory and descriptive qualitative research
to properly assess the provided suggestions against
applications characterised by different features and
conduct quantitative research to provide a stronger
generalisation of the results. While we think all the
proposed research directions need investigation, it
would not be feasible nor appropriate to tackle them
together. We thus suggest first performing exploratory
studies to understand better the possible relevance of
the different factors in determining the relationship,
moving then to explanatory or descriptive studies,
and also providing statistical generalisability of the
impact of moderators and mediators. After studying
the dynamics taking place within a single firm (micro
level), we suggest research to focus on supply chains
and networks (meso level), to understand if said mod-
erators and mediators still apply.

From a managerial standpoint, the study allows
professionals to exploit digital technologies better
to implement the circular economy. Practitioners
can hint at how to properly configure the firm in
which they operate to better exploit said relationship,
favouring the presence of supporting moderators and
mediators and the adoption of those digital technolo-
gies showing more potential for supporting the circu-
lar economy and enabling the most relevant dynamic
capabilities.

We conducted our analysis following principles of
ethics, quality and accuracy. Nonetheless, limitations
should be highlighted. We employed only Scopus as
the scientific research database and different findings
might be obtained using other databases. The topic
addressed is a current hot one in the managerial and
academic debate, we expect the number of related
contributions to constantly increase, and the specific
time frame we used could have excluded some rele-
vant recent contributions. Mediators and moderators
were identified only through the analysis of the liter-
ature, they might not represent all the possible ones.
Future research should tackle the above-mentioned
limitations while also investigating the evolution of
the topic and the proposed research streams.
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