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The sustainability impact of a digital circular economy
Laura Piscicelli

Digital technologies — such as the Internet of Things, big data 
and advanced analytics, additive manufacturing and 3D 
printing, blockchain and online platforms — are regarded as key 
enablers for a circular economy. A systematic literature review 
and analysis of 48 scientific articles published in the last five 
years was conducted to identify the first-, second- and third- 
order sustainability effects of a digital circular economy. 
Second-order environmental effects such as improved resource 
efficiency and reduction of emissions, waste and material use in 
products and production processes are often envisaged. 
However, limited attention is given to social and economic 
impact, and rebound effects. Existing literature also lacks a 
solid assessment of actual (vs expected) impact, and a more 
balanced consideration of negative (vs positive) effects.
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Introduction
Digitalisation is advocated in the scientific literature and 
public debate as an enabler and accelerator for the 
transition to a circular economy — an economic system 
in which resource use is minimised (refuse, reduce) and 
material value is maximised (e.g. thorough reuse, repair, 
refurbishment, remanufacturing, recycling and energy recovery) 
[1]. The use of Industry 4.0 digital technologies — in
cluding the Internet of Things (IoT), big data and ad
vanced analytics, 3D printing and additive 
manufacturing, blockchain and online platforms — is 

expected to make business models, products and pro
duction processes more circular, while improving 
knowledge exchange and connections between different 
stakeholders in the value chain [2,3]. Moreover, digital 
technologies are deemed to strengthen the role of citi
zens and consumers by informing, educating and turning 
them into active participants in the move towards a cir
cular economy [3].

Research on the so-called ‘digital’ or ‘smart’ circular 
economy has mostly focused on investigating the role of 
digital technologies as an enabler for circular strategies 
(e.g. [4–6]), and identifying use cases (e.g. [7,8]) and 
implementation challenges (e.g. [5,9]). Existing litera
ture, however, fails to provide a comprehensive analysis 
of the opportunities and risks of digitalisation in 
achieving the triple bottom line (i.e. environmental, so
cial and economic sustainability). Not surprisingly, many 
authors are urging for more research on the impact of 
digital technology applications in the circular economy 
context [4–7]. This article fills this knowledge gap by 
offering an overview of the (potential) positive versus 
negative environmental, economic and social impact of a 
circular economy enabled by data and digital technolo
gies across a variety of resource-intensive sectors and 
geographies. The paper is based on a systematic litera
ture review of scientific, peer-reviewed papers written in 
English and published in the last five years (2018–2022). 
Articles and reviews that included in their title and ab
stract the terms ‘circular economy’ and ‘impact’ or ‘ef
fect’ in combination with one or more digital 
technologies1 were searched in the Scopus database 
(with the last update of the search in June 2022). This 
led to the extraction of 293 documents whose title and 
abstract were read to determine the article eligibility. 
Studies that were out of scope or with the full text not 
available online were excluded in the screening phase. A 
final set of 81 papers was retained for the final full-text 
analysis and 48 articles served as the basis for this re
view. For each study, information on the digital tech
nologies and sustainability impact categories examined 

]]]] 
]]]]]]

1 In order to capture the wide range of digital technologies applied in 
the circular economy domain, the search strategy combined generic 
terms, such as ‘smart’ and ‘digital’, with specific technologies that are 
commonly associated to Industry 4.0 and a digitally enabled circular 
economy (see [6]). The search string included the following keywords: 
smart OR digit* OR iot OR ‘Internet of Things’ OR ‘big data’ OR 
‘artificial intelligence’ OR ai OR ‘machine learning’ OR ‘additive 
manufacturing’ OR ‘3D printing’ OR blockchain OR platform OR 
‘augmented reality’ OR ‘virtual reality.’
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(i.e. environmental, social and economic), type of effect 
(i.e. first-, second- or third-order effects [10]; positive or 
negative; actual or potential) and methods used to assess 
the impact, geographical scope and sector of interest 
were extracted and thematically coded [11]. 

Review 
Research on the sustainability impact of a digital circular 
economy is growing, with a steady increase in the 
number of publications and the majority of articles 
published in the last two years. While most papers can 
be classified as empirical research, the impact they 
identify generally comes from cited literature or anec
dotal evidence, and is rarely measured or quantified. 
Few notable exceptions are the studies by [12–19], 
which assess the actual environmental and/or social im
pact of a variety of circular economy strategies enabled 
by Industry 4.0 technologies. 

Most papers focus on a single digital technology or a 
combination of two technologies, for example the use of 
big data collected by means of IoT devices. The IoT 
and big data and advanced analytics are the most studied 
digital technologies in the context of a circular economy, 
followed by blockchain, additive manufacturing/3D 
printing and online platforms. Other digital technologies 
frequently mentioned in the papers reviewed are ad
vanced robotics, cloud computing, cyber-physical sys
tems and virtual/augmented reality. The manufacturing 
sector (including the automotive, aerospace, electronic 
equipment and textile and clothing industries) is the 
most common area of application; other sectors include 
transport and logistics, construction and waste man
agement. 

The impact of a digital circular economy is often de
scribed at the firm or supply chain level, for ex
ample [15,20], whereas a few studies take a consumer or 
community perspective, for example [13,14], or describe 
the impact at a city or country scale, for example [16,21]. 
While most papers focus on European countries  
[13,14,16,18,21–31] or emerging economies  
[15,17,19,32–39], many publications do not specify their 
geographical scope. 

The majority of papers analysed describe environmental 
impact, while economic and social effects have received 
limited attention in the literature, as also pointed out by for 
example [31] and [40]. Moreover, several publications 
mention positive effects on business performances beyond 
environmental, social and financial gains, such as increasing 
operational productivity, for example [8,23,25], enhancing 
efficiency and accuracy in production processes, for ex
ample [6,15,24,33,35–37,40–43], accelerating production 
operations, for example [30,31], improving competitiveness, 
for example [27] and supporting decision-making, for 

example [6,28,38,46]. Most of the impact is positive, al
though half of the papers account for both positive and 
negative aspects. 

First-order effects 
First-order (or primary) effects are direct environmental 
(social or economic) effects associated with the produc
tion, transportation, use and disposal of digital technolo
gies and devices [10]. Negative first-order effects 
described in the literature reviewed are the increasing 
demand for scarce raw materials to manufacture electrical 
and electronic devices [24,47], and the high energy con
sumption (and, as a consequence, a high volume of carbon 
dioxide emitted into the environment) required to power 
the blockchain [24,34], operate data centres and digital 
infrastructures [25,47,48] or being consumed by con
nected IoT devices [24,47]. Moreover, several authors 
highlight the increased amount of (e-)waste created by 
digital devices and RFID tags [24,47–49]. These negative 
effects seem to be only marginally offset by the devel
opment of ‘Green IoT’ devices with a lower environ
mental impact, for example improved energy-efficiency 
features [47,50]. Nevertheless, none of the first-order ef
fects identified in the literature are empirically grounded, 
and the few numerical estimates provided often rely on 
secondary data available in grey literature or lack a clear 
reference source (see e.g. [47,48]). 

Second-order effects 
Most of the sustainability impact identified in the lit
erature can be classified as second-order (or secondary) 
effects. These are indirect environmental, social or 
economic impact related to changes in products and 
production processes caused by the deployment of di
gital technologies [10]. Virtually all papers analysed re
port benefits arising from the use of data and digital 
technologies in the context of a circular economy. Im
provements in production processes are the most fre
quently cited and include reductions in resource/energy 
consumption and waste production, as well as higher 
operational efficiency and production capability, i.a. by 
reducing errors and costs, increasing speed and supply 
chain flexibility (see e.g. [18,33,41,46]). Other impact 
relates to improvements in the design and operation of 
products and services, for example a reduced use of 
virgin resources and waste generation thanks to eco-de
sign informed by the IoT and big data analytics  
[6,15,41,51] or additive manufacturing technologies  
[44,45,52]. Environmental and economic benefits also 
derive from improvements in distribution and logistics: 
these range from reduced transport costs and emissions  
[6,34,44,45], to lower consumption of scarce resources 
and waste generation achieved through a digitally opti
mised planning and control of fleets [37]. By contrast, 
social impact is frequently associated with changes in 
seller–buyer relationships or work organisation. For ex
ample [14] argue that the use of 3D printing 
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technologies creates new skills and job opportunities, 
supports community cohesion and promotes personal 
satisfaction; whereas blockchain is often believed to 
foster trust, accountability and communication between 
actors in the supply chain [21,29,34]. Negative second- 
order effects are more difficult to find in the literature 
and are mostly related to the potential of digital tech
nologies to increase costs for firms [29], or displace low- 
skilled jobs [33]. 

Third-order effects 
Third-order (or tertiary) effects are generally defined as 
indirect impact on the environment caused by the sti
mulation of more consumption or higher economic 
growth resulting from the use of digital technologies  
[10]. Environmental rebound effects, for example, occur 
when material or energy efficiency gains in the produc
tion of a good lead to cost reductions that, in turn, in
crease demand for that good or other products and 
services, thereby partly or fully offsetting the initial 
environmental gains [13,51,52]. Despite a digital circular 
economy is often associated with an increase in pro
duction efficiency, only a few authors warn against the 
risk of fostering higher volumes of consumption and 
consequent environmental degradation. Rebound ef
fects are especially acknowledged for 3D printing tech
nologies (e.g. higher demand for customised products, 
higher rate of product obsolescence [50]), blockchain 
(e.g. improved traceability across the supply chain can 
encourage more consumption of products that are seen 
as sustainable [53]), IoT (e.g. optimised design can make 
a product more desired and cost-effective for the con
sumer to purchase [46]) and sharing platforms (e.g. in
creasing transportation, cost-savings that ultimately 
increase consumption of other goods [27,30,54]). How
ever, [13] is the only study that empirically quantifies 
rebound effects stemming from the use of an online 
platform for peer-to-peer leasing of boats in Finland: 
based on survey data, the authors calculated that re
ductions in CO2 emissions achieved through sharing 
were largely offset by an increase in use and air travel by 
a minority of users. Therefore, it remains unclear to what 
extent rebound effects outweigh the positive changes in 
consumer behaviour and environmental benefits that a 
digital circular economy is expected to create. 

Conclusions 
Digital technologies are widely regarded as a key enabler 
of circular economy strategies that aim to slow, close and 
narrow resource loops. Nevertheless, research that ana
lyses the environmental, social and economic impact of a 
circular economy enabled by data and digital technolo
gies is still scarce and scattered. This paper contributes 
to extant literature by reviewing the sustainability im
pact and types of effect of a broad range of digital 
technologies. The results show that existing studies tend 

to focus on the benefits of a digital circular economy for 
single firms, and oftentimes address just one sector, di
gital technology, or circular economy practice at a time. 
Most of the impact identified in the literature are posi
tive second-order environmental effects, for example 
maximising the use of available resources and mini
mising emissions and waste through a digital technology- 
led improvement of circular processes and products. 
Future research should thus pay more attention to eco
nomic and social benefits, along with the risks associated 
with the use of data and digital technologies to achieve a 
circular economy. Many of the sustainability gains 
identified in the existing literature, as well as their in
tensity, also appear to strongly depend on the industry, 
circular economy strategy or geographic location under 
investigation; for instance, higher gains are expected in 
sectors, products and materials that are particularly im
pactful, for example [12,24,55]. Additional studies could 
further examine the specificity of impact in different 
contexts. Finally, most of the papers reviewed in this 
study describe expected rather than actual effects: there 
is a urgent need for empirically grounded assessments of 
the sustainability impact of a digital circular economy. 
From a policy perspective, evidence-based data could 
better inform interventions aimed at reducing the en
vironmental burden of digital devices and e-waste 
management (first-order effects), supporting more ben
eficial technological applications (second-order effects), 
and preventing rebound effects (third-order effects). 
Nevertheless, it is important to also acknowledge some 
limitations of this study deriving from the search strategy 
adopted. The review strived to identify papers that focus 
on the impact of digital technologies and, thus, include 
the terms ‘effect’ or ‘impact’ in their abstract. This im
plies that (potentially relevant) studies that only men
tion environmental, social or economic impact in other 
sections, for example as part of their introduction, might 
have been overlooked. Similarly, the use of the keyword 
‘circular economy’ in the search string might have ex
cluded from the analysis pertinent articles that refer to 
circular economy strategies with a different terminology. 
Yet, this study represents an important first step in 
taking stock of the opportunities and risks of a digital 
circular economy, and paves the way for further research 
into its sustainability promises and perils. 
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