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ABSTRACT

The nexus of sustainability needs and digital change has become one of the hallmarks of
modern organizational strategy. The growing intensity of environmental pressures, resource
demands, and regulatory requirements has amplified the urgency towards sustainable creativity,
with changes in digital technologies like artificial intelligence, the Internet of Things, big data
analytics, and blockchain becoming the scramble and redefinition of operational and strategic
capacity within industries in quick succession. However, although the field of study in both areas
is gaining momentum, novel studies are incomplete, and few integrative models exist explaining
the systematic manner in which digital solutions provide support to sustainable innovation. This
paper will seek to understand how digital technologies can drive a process of environmental and
economic sustainability in organizations. The study is characterized by the use of the qualitative
secondary research design that presupposes the systematic review of peer-reviewed research
published between 2010 and 2025. Thematic analysis was employed to determine the repeating
patterns and conceptual connections. According to the findings, the digital solutions facilitate
sustainable innovation in four important ways: optimization of resources and reduced use of
energy, innovation of the business model based on the circular economy, and transformation of
the organizational capacity. The research paper adds an integrative conceptual view of digital
transformation and sustainability theory. At the managerial and policy front, it shows the need to
harmonize digital investments, organizational capabilities, and sustainability measures so as to
have a long-term systemic impact.

Keywords: public administration, digital transformation of public service organizations,
restaurant process automation (POS systems), food waste management, digital inventory
management, Smart menu, QR technologies.

Introduction

To understand the relationship between digital solutions and sustainable innovation, it is
necessary to first consider the broader context in which these processes occur. The deepening
climate crisis and the acceleration of technological development are creating unprecedented
pressure on organizations, forcing them to seek new strategies that combine efficiency and
environmental responsibility.
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Background and Context

The growing pace of the climate crisis has fueled the need to have sustainable
development throughout the world, forcing governments, industries, and organisations to rethink
the traditional form of growth. The growing greenhouse gas emissions, loss of biodiversity, and
resource shortages have intensified regulatory stress and pressure for stakeholders to receive
environmentally friendly innovation (Anjum et al., 2024; Zhumbei et al., 2025). In retaliation,
sustainability has not only become a marginal issue, but it has transformed into a strategic value
built into corporate governance, supply chains, and the system of public policies. There is a
growing expectation that organizations should implement eco-efficient production frameworks,
circular economy ideologies, and socially responsible innovation practices in making sure that
they remain viable over the long term (Bocken et al., 2014; Krap et al., 2024).

At the same time, economic and organizational environments have been transformed due
to the fast evolution of digital technologies. Digital transformation, which can be described as the
process of incorporating digital technologies into systemic processes and value-generating
processes, has become one of the factors of competitiveness and structural changes (Vial, 2019).
Artificial intelligence (Al), big data analytics, the Internet of Things (IoT), and blockchain
technologies have also facilitated the development of new types of operational effectiveness,
real-time monitoring, and predictive decision-making (Ortner et al., 2024). Such digital tools not
only enhance productivity but also generate possibilities of reducing environmental footprints by
means of resource optimization and increased transparency.

The future of sustainability and digital transformation intersect, especially in the scenario
of Industry 4.0. Industry 4.0 brings together cyber-physical systems, intelligent production, and
data-driven automation to make a system more efficient and agile (Qin et al., 2016). There is an
emerging school of thought that Industry 4.0 technologies are capable of promoting sustainable
innovation through the facilitation of energy efficiency, waste minimization, and circular value
chains (Stock and Seliger, 2016; Lysenko et al., 2024). As an example, supply chain traceability,
which can be achieved by blockchain, supports environmental accountability by reducing
resource wastage and energy usage through predictive maintenance with the use of loT-enabled
monitoring systems (Saberi et al., 2018). As a result, the digital solutions are no longer
considered merely as means of economic empowerment but, conversely, as strategic tools of
attaining sustainability transitions.

Research Problem

The academic literature is still disjointed despite an increasing awareness of the digital
transformation-sustainability synergy. Digitalization studies tend to emphasize performance
outcomes, business model innovation, or competitive advantage (Vial, 2019), whilst
sustainability research tends to concentrate on the topic of environmental innovation, circular
economy models, and the eco-efficiency (Kunttu et al., 2025). This divide has restricted the
creation of integrative models that provide a systematic clarification of how digital solutions can
be used to create sustainable innovation in sectors.
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Moreover, empirical research often analyzes individual technologies - like Al or IoT -
without properly conceptualizing the organizational processes through which these technologies
can produce the sustainability effect (Stock and Seliger, 2016). Consequently, the theoretical
convergence on the interaction between digital capabilities, dynamic organizational functioning,
and sustainability goals is not adequate. It is important to fill in this gap to improve scholarly
knowledge and practice in managers.

Research Aim and Objectives

The main aim of the research will be to understand how digital solutions can be viewed as
drivers of sustainable innovation in modern organizations. In particular, the article aims to
summarize current academic evidence to determine the processes by which digital technologies
are associated with environmental, social, and economic sustainability conditions.

In order to realize this goal, the study has three important objectives. First, it analyzes and
synthesizes the interdisciplinary literature on sustainable innovation and digital transformation.
Second, it determines fundamental digital technologies and addresses them in terms of
facilitating resource efficiency, circular business models, and transparency throughout value
chains. Third, it creates a conceptual synthesis describing the organizational capabilities and
mediating processes that transform digital investments into sustainable innovation performance.
With the help of this qualitative secondary analytical approach, the research will make a
contribution towards developing a systematic insight into digital-enabled sustainability
transitions.

Research Questions

Guided by the identified research gap, the study addresses the following research
questions:

1. How do digital technologies enable sustainable innovation within organizations?

2. What organizational mechanisms and capabilities mediate the relationship between
digital transformation and sustainability outcomes?

These questions frame the systematic exploration of digital solutions as strategic enablers
of sustainable development. This study defines public sector innovation as the use of digital
technologies — including artificial intelligence, the Internet of Things, big data and blockchain —
to transform organizational processes, improve operational efficiency and support sustainability
in public institutions. This understanding emphasizes the systematic, rather than piecemeal,
implementation of digital tools to achieve long-term environmental, economic and social goals.

The contribution of this article to the study of public sector innovation is to develop an
integrative conceptual framework that systematically explains how digital technologies enable
sustainable innovation. The proposed framework links digital transformation with environmental
and economic sustainability, identifying key organizational mechanisms that mediate this
relationship.
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Literature Review

To clarify how digital technologies can contribute to sustainable development, the paper
clearly outlines the conceptual framework of the study. The analysis of the literature consistently
reveals the essence of sustainable innovation, describes key technologies of Industry 4.0, and
analyzes theoretical approaches that explain their role as drivers of environmental and economic
change.

Concept of Sustainable Innovation

Sustainable innovation is a process involving the creation and adoption of new products
and processes, a company approach, or a business model that creates economic value without
causing adverse effects on the environment or social lives (Bocken et al., 2014). As compared to
the traditional concept of innovation that is mainly concerned with profitability and competitive
advantage, sustainable innovation incorporates the concerns of environmental stewardship and
long-term societal well-being in the process of innovation. It is highly consistent with the
principles of sustainable development, where intergenerational equity and conservation of
resources gain much attention (Geissdoerfer et al., 2017).

The other related concept that has been raised in the literature is eco-innovation. The term
eco-innovation will mean the innovations resulting in the significant and quantifiable reduction
of the environmental risks, pollution, or resource utilization as compared to the relevant
alternatives (Rodriguez et al., 2019). It can be eco-innovations in the form of environmentally-
friendly production technologies, renewable energy facilities, or sustainable policies of product
design. It is worth noting that eco-innovation is not attributed to technological innovations only,
but it also includes organizational and social ones that change the patterns of production and
consumption (Bocken et al., 2014).

The paradigm of the circular economy also extends sustainable innovation. The circular
economy promotes loop systems that are poorly understood, where materials are reused,
remanufactured, or recycled, and therefore consume less waste and extend the product life cycle
(Geissdoerfer et al., 2017). In this regard, sustainable innovation is not applied to the efficiency
of the system as a whole, but to the general transformation of the value chains and business
models. Digital technologies are recognized to play an important role in promoting the activities
of the circular economy, particularly in enhancing traceability, resource monitoring, and the
lifecycle.

Digital Solutions and Industry 4.0

Digital solutions are composed of a broad range of technologies that transform
organizational operations and models of operation. Industry 4.0 is the fourth industrial revolution
that represents the cyber-physical system, automation, and advanced data analytics in creating
smart and networked production systems (Erro-Garcés, 2019; Potwora et al., 2024). Artificial
intelligence (Al), the Internet of Things (IoT), big data analytics, and blockchain are all
necessary technologies concerning Industry 4.0.
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Al helps in predictive modelling, optimization algorithms, and automated decision-
making processes, which are useful in enhancing operational performance (Vial, 2019). IoT
technologies are used to link physical objects via sensors and networks and collect and monitor
data in real-time. The elements of big data analytics apply to large amounts of organized and
unorganized data to convert them into actionable insights to enhance forecasting and resource
allocation (Lipsmeier et al., 2020). The decentralized and immutable ledger system of blockchain
improves the attributes of supply chains regarding transparency, trust, and traceability (Saberi et
al., 2018).

Combined, these technologies would form intelligent systems that can be autonomously
adjusted and self-optimized. Smart manufacturing protocols, an example of which is smart
sensors with [oT sensors and Al algorithms, are designed to track equipment operation and
adjust maintenance requirements to minimize downtime and material wastage (Stock and
Seliger, 2016; Sydorchuk et al., 2024). Digitization of production and service systems, therefore,
is a fundamental change to the organs of data-driven connections.

Digital Technologies as Sustainability Enablers

An increasing body of literature has accentuated the contribution of digital technologies
to facilitating sustainable innovation. Resource optimization is one of the major mechanisms.
Using real-time monitoring of data, as well as predictive analytics, companies can lower the
quantity of materials used, minimize waste, and streamline production timetables (Stock and
Seliger, 2016). Through Al-driven forecasting tools, the prediction of demand will be more
accurate, eliminating overproduction and continuing inventory.

Another crucial sustainability digital transformation outcome is energy efficiency.
Maximizing energy consumption can be performed via smart grids, sensor-centered monitoring
facilities, and automated energy management platforms that can allow organizations to trace
energy consumption trends and address inefficiencies (Lasi et al., 2014). As an example, with
IoT devices, power consumption can be automatically regulated depending on the load,
minimizing carbon emissions and operation expenses at the same time.

The transparency and accountability of the supply chains are also enhanced by digital
technologies. Business uses of blockchain in the supply chain management field improve
traceability by documenting transactions in non-deleteable ledgers (Saberi et al., 2018). This
openness promotes sourcing ethics, waste management, and environmental regulations. Also, the
lifecycle assessment and measuring environmental performance within intricate global value
chains are made possible by big data analytics (Bharadwaj et al., 2013).

In addition to its operational enhancements, digital solutions help in formulating
sustainable business models. Ecosystems that are based on platforms and data-driven services
promote product-service systems, sharing economy strategies, and circular value propositions
(Bocken et al., 2014). Digital transformation thus extends the efficiency gains at the process
level to systemic business innovation.
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Theoretical Foundations

According to the Resource-Based View (RBV), competitive advantage should be
generated by organizations through the creation of valuable, rare, imitable, and non-substitutable
resources (Comin et al., 2019). Digital capabilities, including data analytics skills and integrated
IT infrastructures, can be thought of as strategic resources that can be used to support the
initiatives of sustainable innovation.

Dynamic Capabilities Theory serves as a counterpoint to RBV because it focuses more on
the capacity of an organization to integrate, develop, and restructure internal and external
capabilities in the fast-changing settings (Vial, 2019). Digital transformation is based on the
ongoing adaptation and learning process that helps firms to react to environmental issues and
sustainability requirements.

Socio-Technical Systems Theory also brings to the fore the interaction between
technological systems and social structures. Digital sustainability implementation requires not a
single technology infrastructure but also an organizational culture, leadership, and stakeholder
engagement (Lasi et al., 2014). Such a view reveals the significance of considering technical
innovation in relation to social and organizational processes to realize sustainable results.

Identified Research Gap

Regardless of the growing body of literature on the concepts of digital transformation and
sustainable innovation, there is a lack of an integrative synthesis. Available literature tends to
analyze certain technologies or separate sustainability performance without offering profound
frameworks that explain how digital capabilities are system-organized and convert to sustainable
innovation performance (Stock and Seliger, 2016). Additionally, there is little theoretical
integration between RBV, dynamic capabilities, and socio-technical perspectives. A formal
conceptual framework is required that can elucidate the mediating organizational processes
between digital solutions and sustainability goals. The focus of the current research is to fill this

gap.

Methodology

This study applies a qualitative secondary research design to determine the role of digital
solutions as enabling factors of sustainable innovation. By virtue of the conceptual and
interdisciplinary nature of a research problem, the systematic literature review was deemed a
suitable means of organizing the prior knowledge and determining the recurring patterns of
theoretical and empirical analyses (Vial, 2019). The methodology is supported by the accepted
principles of qualitative research and interpretation analysis, and the practice offers an
opportunity to explore meanings, mechanisms, and relations in the depths of the previously
existing scholarly sources.
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Research Design

The research lies in an interpretivist research paradigm. Interpretivism presupposes that
reality can be constructed socially and that knowledge is brought forth by the process of
interpretation of meanings inherent in social and organizational situations. This paradigm is
especially applicable to the scope of digital transformation and sustainable innovation since both
phenomena imply an intricate interaction between socio-technical interactions instead of mere
quantifiable technical variables (Lasi et al., 2014).

A qualitative systematic literature review was used to combine piecemeal threads of study
on digital technologies, sustainability, and organizational transformation. The given approach
allows discovering conceptual connections and theoretical underpinnings across disciplines
(Geissdoerfer et al., 2017). As opposed to quantitative meta-analysis, where attention is on
statistical synthesis, thematic interpretation, and conceptual integration, qualitative synthesis is
appropriate in theory-building and framework construction (Bocken et al., 2014).

Data Collection

Major academic databases, such as Scopus, Web of Science, and Google Scholar, were
used to gather data, as it was necessary to cover the peer-reviewed literature. These databases
were chosen because of the wide indexing of high-impact journals on sustainability, information
systems, and innovation management. The keywords were joined together to form search strings
like digital transformation, sustainable innovation, Industry 4.0, circular economy, Al, [oT, and
blockchain.

The inclusion criteria were designed to be relevant and good. To start with, the peer-
reviewed articles were included to ensure academic rigor. Second, studies were required to deal
with both digital technologies and sustainability-related outputs. Third, only articles published
within the range of 2010-2025 were included, as they represent the development of Industry 4.0
and digital transformation academia and its implementation (Stock and Seliger, 2016). Opinion
pieces, non-English publications, and conference papers were not included.

To ensure transparency, reproducibility and compliance with the standards of systematic
reviews, the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
protocol was used. The source selection process is visualized in the form of a PRISMA diagram
(Figure 1).

A general initial search in the international databases Scopus, Web of Science and Google
Scholar using the specified search strings yielded 320 records. After automatic and manual
removal of duplicates (n = 40), 280 unique publications remained. At the stage of screening titles
and annotations, 190 sources that did not meet the relevance criteria (no connection of digital
technologies with the topic of sustainable development or innovation) were excluded. 90 articles
were subjected to full-text analysis, of which 41 were removed due to non-compliance with the
inclusion criteria: lack of simultaneous consideration of the digital and sustainable components,
non-peer-reviewed nature, publication outside the period 2010-2025, or insufficient depth of
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analysis. Thus, the final qualitative synthesis included 49 publications, which formed the source
base for the thematic analysis.

Figure 1: PRISMA flow diagram for systematic literature review on digital solutions as
drivers of sustainable innovations
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Data Analysis

The articles chosen were reviewed based on the thematic analysis, which is a
conventional and well-established qualitative approach to recognizing, examining, and reporting
trends in data (Vial, 2019). The analysis was conducted over three days. To begin with, open
coding was performed to gain key ideas associated with digital technologies, sustainability
mechanisms, and organizational capabilities. Second, the axial coding was used to define
connections between some emerging thoughts, combining them into broad points that included
resource optimization, energy efficiency, circular business models, and supply chain
transparency. Third, these categories were grouped into higher-level themes that describe how
the digital solutions stimulate sustainable innovation through selective coding.

The coding was systematic and interpretive, and it consisted of reading and comparing
articles repeatedly to refine the boundaries of the themes. The analysis was based on theoretical
resources of the Resource-Based View and the Dynamic Capabilities Theory informing the
interpretation of digital capabilities as strategic enablers (Ringvold et al., 2022; Vial, 2019). This
method helped make an integrative conceptual and theoretical framework based on existing
literature.
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Reliability and Validity

In order to ensure reliability and validity, methodological triangulation using comparison
of findings in various domains such as information systems, sustainability management, and
industrial engineering was conducted (Geissdoerfer et al., 2017). Internal validity was enhanced,
and bias was minimized because only peer-reviewed journal articles were used. Furthermore,
documentation of search criteria, selection processes, and coding steps is documented
transparently, thus replicable and methodologically rigorous.

Results

This section presents the thematic findings from the qualitative systematic review.
Findings are organized into four themes: (1) digital efficiency and resource optimization; (2)
sustainable business-model innovation; (3) circular-economy enablement; and (4) organizational
transformation and culture. Each sub-section summarizes empirical and conceptual evidence and
is followed by a supporting table that lists key studies used to substantiate the theme.

Digital efficiency and resource optimization

One of the most effective and widespread conclusions made in the literature is that
Industry 4.0 technologies - [oT, big data analytics, and artificial intelligence are the technologies
that allow achieving quantifiable improvements in operational efficiency and resource
optimization due to real-time monitoring, predictive analytics, and automated control (Stock and
Seliger, 2016). Smart grids and smart energy systems rely on sensor networks and advanced
forecasting models to flatten demand, maximize the share of distributions, and facilitate a 2-way
interaction between renewable sources. Reviews synthesize an increasing body of evidence that
machine-learning and deep-learning predictive methods help to significantly improve grid load
prediction and operation-level decisions (Biswal et al., 2024; Bouchard et al., 2023).

Another common mechanism is predictive maintenance: by merging the streams of [oT
sensors with predictive analytics, organisations will be able to both anticipate equipment
breakdowns and plan interventions accordingly, only if they are necessary to reduce unplanned
downtime and waste materials and increase energy savings (IoT Analytics, 2023). The
predictive-maintenance market development forecast underlines the high rate of such solutions
adoption.

In addition to theoretical synthesis, there is a number of large-scale corporate
implementations, which have shown quantifiable gains in sustainability. As an example, Siemens
has installed smart factory technology in its Amberg and MindSphere-enabled plants in
Germany, claiming energy-saving of 15-20 percent in using Al-enhanced energy monitoring and
real-time processes optimization (Siemens, 2023). These intelligent manufacturing frameworks
combine loT sensors with superior analytics designed to monitor the functioning of machines
continuously, the degree of energy consumption, and the prevalence of defects, thereby
minimizing the amount of waste in materials or power.

10
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On the same note, Bosch has implemented Al predictive maintenance systems in its
industrial manufacturing facilities, and specifically, the automotive components section of the
industry. According to internal case reports, machine downtimes decreased by up to 25 percent,
and it was accompanied by the fact that waste in spare parts and unit energy consumption were
reduced by measurable means depending on the production cycle (Bosch, 2022). These
applications demonstrate how predictive analytics can act not only as an efficiency tool but also
as a sustainability mechanism because emergency repairs are resource-heavy; therefore, it
reduces such cases.

Bouchard et al. (2023) analyze the smart grid project in Hamburg, which is an example of
integrating renewable energy sources through digital means. Smart Grid technologies in the
central areas of Hamburg provided dynamic load balancing and real-time integration of
renewable energy, making the use of wind and solar energy more stable in the city’s
infrastructure.

Table 1: Digital Technologies Enabling Efficiency and Resource Optimization

hours

Digital Operational Corporate/ |Quantitative  [Sustainability Source
Technology |(Mechanism Country Outcome Impact
Example

Al-driven Machine learning Google ~40% reduction |Lower carbon Evans and Gao
energy algorithms optimize DeepMind in cooling footprint of high- (2016), Biswal et
optimization |energy load distribution |(Global data  |energy energy digital al. (2024)

and cooling systems in |centers) consumption infrastructure

real time
Smart factory |Real-time monitoring |Siemens 15-20% energy |Reduced electricity  [Stock and Seliger
IoT systems  |of machine utilization, |Amberg Smart |efficiency consumption and (2016), Siemens

defect rates, and energy |Factory improvement  |material scrap (2023)

intensity (Germany)
Predictive Condition-based Bosch Up to 25% Lower spare-part IoT Analytics
maintenance |maintenance using Manufacturing [reduction in waste and reduced (2023),
(Al +IoT sensor data to anticipate|Plants downtime emergency repair Seyedzadeh et al.
sensors) breakdowns (Germany) energy costs (2025)
Smart grids & |Dynamic load Hamburg Improved Lower urban carbon [Bouchard et al.
renewable balancing and two-way |Smart Grid renewable intensity and grid (2023)
integration renewable energy (Germany) energy stabilization

communication absorption and

peak-load
reduction

Energy Integrated monitoring |EU Smart Reduced energy |Lower operational Khan et al. (2022)
management |of building and Industrial waste through  |emissions and
systems industrial energy Parks real-time control |optimized demand
(EMS) consumption scheduling
Data analytics |Al-enabled production |Advanced Reduced excess |Lower material Seyedzadeh et al.
for production |forecasting prevents manufacturing |inventory and  |throughput and waste [(2025)
scheduling overproduction (EU & Asia) |idle machine generation

In addition, manufacturing and energy grids are not the only gains efficiently made by
digital means. The DeepMind Al-based system used by Google in its data centres around the
world had achieved reductions in cooling energy usage of roughly 40% via optimization and

11
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predictive modelling of temperature controls and power needs (Evans and Gao, 2016). Since data
centers constitute an increasingly predominant portion of the total worldwide electricity usage,
the case in point demonstrates that digital intelligence can minimise carbon footprints in energy-
intensive digital infrastructures directly.

Empirical case studies and systematic reviews state that the use of loT-based energy
management systems and ML-based optimisation schemes can minimise energy usage and
material flows by means of fine-grained process control and condition-based scheduling (Khan et
al., 2022; IoT Analytics, 2023). These technologies are thus provided at both the monitoring
layer (visibility) and the control layer (automated optimisation) (Khan et al., 2022).

Sustainable business-model innovation

The literature also indicates that new sustainable business models based on digital
platforms and data-driven services, such as platform ecosystems, product-as-a-service (PaaS),
and sharing models, can swap value between ownership and access, through the reduction of
material throughput in certain industries (Feng and Xu, 2025). Specific reviews of the sharing
economy to date indicate mixed, yet prospective evidence that using platforms can lower
resource consumption when it achieves higher utilisation rates of existing assets (vehicle sharing,
tool libraries), but the findings by sector and design differ (Faraji, 2024).

Concrete examples of platform dynamics occurring in the real world include case studies
of platforms. The Airbnb accommodation-sharing platform allows higher usage of the already
available housing facilities and, thus, the new hotel buildings in the high-demand metropolitan
regions may not have to be developed. Although there are still debates about rebound effects and
tourism expansion, empirical evaluations of shared accommodation models indicate a potential
to reduce per-guest energy intensity, as compared to traditional hotel management, especially in
a full-fledged urban market (Gossling and Hall, 2019).

On the same note, car-sharing services like Uber Pool and BlaBlaCar have also helped in
ensuring that more vehicles are occupied in urban mobility systems. European mobility research
has shown that ridesharing can decrease passenger CO 2 emissions when combined with the
public transportation system, with infrastructure and other policies to support electric fleets
(European Commission Mobility Reports, 2022). The above illustrations show that digital
coordination platforms may enhance efficiency in the use of assets, which leads to minimized
material throughput.

Circular product-service models have also been made possible by digitalization beyond
platforms. The Lighting-as-a-Service program suggested by Philips can be considered a good
example of the transformation of a product-service system that has been well-documented.
Philips has instead continued to own the lighting equipment and offer lighting performance as a
service, and to incentivize energy efficiency in design, longer product lifespan, and reuse of
parts. According to case analysis, this model minimized material consumption, whereas it
increased the lifecycle efficiency of commercial buildings (Bocken et al., 2014; Tukker, 2015).

12



The Innovation Journal: The Public Sector Innovation Journal, 31(2), 2026, article 9.

Innovations in the retail sector are yet another example of digital-enabled circularity. The
resale business model developed by Patagonia (Worn Wear) targets the digital markets, with the
help of which the company prolongs clothes’ lifecycles, extending the demand for virgin textile
production. Similarly, IKEA has a buy-back program, which has been launched in some
countries of the EU and involves using digital inventory and resale to enable the application of
the furniture reuse concept, as part of the company’s approach towards circular economy and
achieving tangible results in waste generation decreases (IKEA, 2023).

Table 2: Digital Sustainable Business Models: Platforms, Circularity, and Environmental
Performance Outcomes

B;l/[s;gzis Digital Corporate| Operational Environmental | Governance/ Sources
Type Enabler Example | Mechanism Outcome Policy Context
Real-time Lower per-guest Urban
Sharing demand . Increases ) pberg . Gossling and
. Airbnb . infrastructure sustainability
economy matching, housing . . Hall (2019),
. (Global) L expansion needs |regulations vary ..
platform dynamic utilization rates . Faraji (2024)
. (context-dependent) by city
pricing
. Digital ride | Uber Pool, | ... . Reduced per EU sustainable Europeap
Mobility . Higher vehicle |passenger emissions o Commission
. pooling BlaBlaCar . mobility
sharing alorithms (EU) occupancy rates | (when integrated frameworks (2022), Feng and
& with public transit) Xu (2025)
. Manufacturer
Product-as-|IoT monitoring I.)hlh.ps retains Ext'ended product Circular Tukker (2015),
. Lighting- . lifecycle and .
a-Service |+ performance ownership; . Economy Action| Bocken et al.
as-a- . .. reduced material
(PaaS) contracts . incentivizes . Plan (EU) (2014)
Service . extraction
durable design
. Digital . .
Circular marketplace for Pitagoma Resale extends Reduced te).(tll.e Cor.pora.t‘.e Ringvold et al.
resale . Worn X waste and virgin sustainability
refurbished » |garment lifecycle . . (2022)
platform g00ds Wear material demand | commitments
Retail take-| . Digital TKEA Buy- Furniture resale |Lower landfill waste| EU Circular IKEA (2023),
inventory Back . .
back Kine & and and reduced new |Economy policy| Geissdoerfer et
systems tracking Ny Program refurbishment production alignment al. (2017)
Y reverse logistics|  (EU) )
. Digital Predictive | Advanced Reduces Lower waste and | Sustainability
inventory- . . Seyedzadeh et al.
light demand global | overproduction | reduced unsold reporting (2025)
. analytics retailers |and excess stock| goods disposal requirements
production

The digital affordances of real-time demand sensing, dynamic pricing, and predictive
analytics make it possible to use either PaaS or inventory-light models by matching production
and service delivery with real demand and minimizing overproduction and wastage. The case of
a few studies, too, contends that platforms bring about circular product flows by organizing
practices of reuse, refurbishment, and reverse logistics on a data-rich marketplace (Feng and Xu,
2025; Faraji, 2024). Such mechanisms depict the way digital technologies can magnify
sustainable business-model experimentation and make new revenue models and reduce
environmental footprints in the combination of adequate policy and design decisions
(Seyedzadeh et al., 2025).

1
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Circular economy enablement

Blockchain and distributed ledger facilitate traceability and provenance, which seem to be
a recurrent essential enabler of circular practices (Saberi et al., 2018; Sahoo et al., 2022). The
records established in blockchain facilitate product traceability along circular supply chains,
take-back schemes, recyclability, and meeting environmental standards, leading to reduced
leakages in the circulation of product streams and enhanced confidence among the stakeholders
(Sahoo et al., 2022; Alsmadi et al., 2023).

Spreading knowledge on blockchain and supply-chain sustainability. Systematic reviews
provide evidence that blockchain enhances transparency and auditability, but also observe
scalability, interoperability, and energy-use issues, which lie with choices of consensus
mechanisms (permissioned vs permissionless). Blockchain proves useful in provenance in high-
risk supply chains (ex, food, high-value materials) by practical pilots, and other types of digital
tools (IoT sensors + analytics) enable the sensory ability to supply on-chain records (Sahoo et al.,
2022).

In addition to conceptual discussions, there is the practical example of pilots in the real
world who demonstrate the quantifiable effects of the circular economy. IBM Food Trust, which
was designed with the cooperation of Walmart and other retailers, shows how the traceability
that is supported by blockchain saves time exponentially when brand owners need to identify
food contamination within the supply chain. Walmart said that blockchain tracking led to a
seven-day decrease in tracing the origin of mangoes within its supply chain to 2.2 seconds
(Kamath, 2018). This traceability can not only contribute to food safety, but also decrease the
recalls of their products that did not affect the game, since they do not have to dispose of huge
quantities of the unaffected food that could have been used, and hence, the waste of food is
smaller.

On the same note, the larger Walmart blockchain food traceability program has enhanced
accountability with suppliers and precision in inventory, to lower spoilage and inefficiency in
perishable supply chains. This means that, through connecting digital provenance data to
temperature monitoring technology based on the 10T, retailers can intervene at an earlier stage
within logistic chains, preventing waste due to inlet, storage, or transportation conditions (Saberi
et al., 2018).

At the policy level, the Digital Product Passport (DPP) program, as part of the Circular
Economy Action Plan by the European Union, is another massive regulatory attempt to
incorporate digital traceability into the product life cycles. DPP is supposed to ensure the
establishment of digital records that are standardized and have information on material
composition, repairability, recyclability, and carbon footprint, which will be used to make a
circular decision-making process across value chains (European Commission, 2023). This
program helps to increase the transparency of carbon accounting and promotes the model of
prolonged producer responsibility.

An example of how blockchain can be applied in the logistics industry is the TradeLens
platform created by Maersk in collaboration with IBM to provide more visibility on shipping
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across the globe. TradeLens also enabled a faster time in the administrative processing of
documentation and cargo movements across borders, as well as enhanced visibility of the flows
of containers, which decreased idle time and maritime logistics inefficiencies (Hackius and
Petersen, 2017; Sokhan et al., 2024). Despite TradeLens being terminated later, the pilot
demonstrated the viability of blockchain-based emissions tracking in the global trade networks,
along with operational efficiency.

Table 3: Blockchain and Digital Provenance in Circular Economy Implementation

Initiative / Sector Digital Measurable Circular Supporting
Organization Mechanism Impact Economy Sources
Contribution
IBM Food Food retail | Blockchain- Traceability Reduced food Kamath
Trust + based product time reduced waste, faster (2018),
Walmart traceability from 7 days to contamination Saberi et al.
2.2 seconds response (2018)
Walmart Perishable | Blockchain + Reduced Enhanced supply | Sahoo et al.
Supply Chain | goods IoT temperature | spoilage and chain (2022)
tracking recall transparency and
inefficiencies waste reduction
EU Digital Cross- Standardized Improved Supports European
Product sector (EU) | digital lifecycle | carbon footprint | repairability, Commission
Passport records reporting and reuse, and (2023)
recyclability extended
data access producer
responsibility
Maersk Global Blockchain- Reduced Improved Hackius and
TradeLens shipping enabled paperwork logistics Petersen
documentation | delays and efficiency and (2017)
& tracking improved emissions
container transparency
visibility
High-value Electronics | Blockchain Reduced Enhanced Alsmadi et
electronics provenance counterfeit recovery and al. (2023)
pilots systems circulation and | recycling
material loss potential

Organizational transformation and culture

Research has stressed that digital technologies in themselves are not enough to ensure a
sustainable result; organisational capabilities, leadership, and culture are the most important
factors that determine whether digital investments lead to sustainability benefits. Digital
leadership reviews in public and private organisations emphasize several competencies, namely
visioning, change management, cross-functional collaboration, and digital HRM as precursors of
effective change (Ushaka Adie et al., 2024).

An outstanding case in point is the dedication of Microsoft to be carbon-negative by
2030. Microsoft has incorporated digital change as part of its sustainability plan through the
application of cloud computing, Al-driven carbon tracking solutions, and internal carbon pricing
systems. To allow organizations to gauge and minimize the amount of emissions linked to digital
infrastructure, the company has built a Sustainability Calculator as part of its Azure cloud
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platform (Microsoft, 2023). This digital analytics plus environmental accounting illustration
provides the fact that digital capacity could directly inform quantifiable sustainability objectives.

Another example of how Unilever has modernized its global supply chain is combining
digital platforms with real-time supplier data, satellite monitoring, and blockchain-based
transparency programs. Such systems are used to track deforestation risks and water usage, as
well as agricultural sourcing practices at a better level. Therefore, Unilever has recorded a rise in
supplier accountability, and the path towards sustainable sourcing promises (Unilever, 2022).

E-governance in Estonia can also be seen as an example of digital transformation at the
country level in the public sector to promote sustainability and transparency. The digital
infrastructure of Estonia allows conducting government services without the use of paper, which
will decrease the use of administrative resources and enhance the accessibility of the general
population to the environmental data and regulatory compliance systems. The integration of
digital registries and data-sharing frameworks has reduced bureaucratic inefficiencies and

enhanced environmental governance transparency (Margetts and Naumann, 2017).

Table 4: Organizational Capability and Digital Leadership in Sustainability

Transformation
Organization Digital Sustainability Organlza.tfonal Measurable or Supporting
o Capability .
/ Country Strategy Objective Strategic Outcome Sources
Leveraged
Al-enabled .
. Real-time
carbon Carbon- Digital governance .. .
. ) . . S emissions Microsoft
Microsoft tracking & negative by integration, internal
.. measurement across (2023)
cloud 2030 carbon pricing .
. cloud services
analytics
Digital Supp ly Susta{nable Cross-functional Improved supplier .
. chain sourcing & g . . Unilever
Unilever . digital supply chain traceability &
transparency deforestation 7. (2022)
. teams accountability
systems reduction
National digital R.ed'uced.
E-governance Paperless . administrative Margetts and
. . S . infrastructure &
Estonia & digital administration | . resource use & Naumann
Lo interoperable data
registries & transparency enhanced data (2017)
systems
transparency
Digital Service Strategic digital Improved
Public sector leadership & efficiency + leagershig integration of Van Roekel et
digital reforms capability sustainability P sustainability al. (2025)
o : competencies .
building alignment metrics
Energy Dynamic Improved
Multlnatlor.lal AlloT efficiency & capabilities & alignment of digital | Ushaka Adie
manufacturing enabled ) change .
. circular and environmental et al. (2024)
firms operations . . management .
Integration . strategies
routines

Empirical articles reveal that organisations having dynamic capabilities, including
learning routines, IT governance, and cross-disciplinary crews, are in a better place to implement
Al/IoT solutions in a manner that enables circular process and energy optimisation (Van Roekel
et al., 2025). In addition, the literature makes socio-technical barriers (skills gaps, legacy

16




The Innovation Journal: The Public Sector Innovation Journal, 31(2), 2026, article 9.

systems, regulatory friction) a warning factor; it slows diffusion; thus, setting up capability and
leadership commitment becomes common in narratives about successful digital-for-sustainability
projects (Van Roekel et al., 2025).

Discussion

This study aims to examine the role of digital solutions as engines of sustainable
innovation by conducting a qualitative synthesis of interdisciplinary literature. The results reveal
that the digital technologies, specifically Al, IoT, big data analytics, and blockchain, are able to
provide sustainability outcomes through the mechanisms of optimization of efficiency, the
innovation of the business model, the traceability of the circle, and the development of
organizational abilities. The implications of these findings, both theoretical, managerial, and
policy-wise, are discussed in this section, and the limitations of the study are discussed.

Before moving on to the theoretical and practical implications, it is worth clearly
separating the results from the discussion and comparing them with the narratives of leading
industry studies. The results of the systematic review indicate that digital solutions activate four
main mechanisms of sustainable innovative development: operational optimization, business
model innovation, support for the circular economy and organizational transformation. These
conclusions are consistent with the fundamental works of Stock and Seliger (2016), which
described the possibilities of sustainable production within the framework of Industry 4.0, and
with the study of Vial (2019), which emphasizes the systemic nature of digital transformation. At
the same time, unlike the aforementioned works, which focus mainly on the manufacturing
sector, our study demonstrates the universality of the action of digital mechanisms - from smart
grids (Hamburg Smart Grid, Bouchard et al., 2023) to retail (IBM Food Trust, Kamath, 2018)
and platform services (Philips Lighting-as-a-Service, Bocken et al., 2014). Comparison with the
results of Bocken et al. (2014) shows that digitalization does not simply automate existing stable
practices, but allows for the creation of fundamentally new circular business models that were
previously technically or economically unattainable. In addition, the thesis of Saberi et al. (2018)
about the critical role of blockchain for the transparency of supply chains is confirmed, however,
it is found that the maximum effect is achieved only if the blockchain is integrated with IoT
sensors and analytical platforms. Therefore, the novelty of the proposed integrative view lies in
the fact that digital investments are transformed into sustainable results not automatically, but
through the mediation of dynamic organizational capabilities and socio-technical coherence,
which extends the narratives of leading industrial cases (Siemens, Unilever, Microsoft) to a
theoretical level.

Theoretical Implications

The study is relevant to theory, combining research on digital transformation with
sustainability and innovation scholarship. Traditionally, digital transformation literature has been
based on value creation, performance improvement, and competitive advantage (Vial, 2019),
whereas sustainability literature has incorporated ecological modernization, eco-innovation, and
transitions to the circular economy (Geissdoerfer et al., 2017). This paper shows that digital
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technologies are the mediating mechanisms between organizational capabilities and
sustainability performance, bridging two formerly fragmented domains.

According to the Resource-Based View (RBV), digital infrastructure, the ability to
develop analytics, and platform ecosystems are significantly valuable and potentially inimitable
assets that facilitate sustainable innovation (Nosratabadi et al., 2019). Nevertheless, RBV does
not in itself explain how firms reorganize these resources in response to environmental pressures.
The Dynamic Capabilities Theory fills the gap left by RBV as it focuses on sensing, seizing, and
reconfiguring capabilities that can enable organizations to synchronize digital investments with
sustainability strategies (Teece, 2017). Based on the reviewed studies, it can be noted that
companies that adopt effective digital sensing opportunities, i.e., real-time monitoring of the
environment, are closer to circular practices with a reduced intensity of resources.

Furthermore, which can be examined through the critical prism of Socio-Technical
Systems Theory, the interaction between technological systems and the organizational culture
should be mentioned (Lasi et al., 2014). Digital tools do not necessarily deliver sustainability
effects, but the effect is determined by the commitment of the leadership, the interest of the
stakeholders, and the alignment of the institutional perspective. This is consistent with the
ecological modernization theory, which holds that, under participating institutional frameworks,
technological innovations cause environmental reform (Geissdoerfer et al., 2017).

Through the combination of these theoretical viewpoints, the research hypothesizes that
sustainable innovation occurs where the digital resources (RBV), adaptive capabilities (dynamic
capabilities), and the socio-technical alignment meet. This integrative perspective enhances the
theoretical elucidation of how the digital transformation promotes the sustainability transitions.

Managerial Implications

The results have a number of practical implications for managers who are interested in
balancing digital transformation efforts with sustainability goals. To start with, investment
should not be focused on isolated technology adoption but form a wider digital ecosystem.
Embarking on the use of IoT sensors or blockchain platforms without matching them to
sustainability metrics could constrain the potential of transformation (Stock and Seliger, 2016).
Investment in data analytics infrastructure to enable energy monitoring, lifecycle assessment, and
predictive maintenance must be a priority for managers.

Second, it is essential to develop capabilities. To be sure of effective implementation, the
organizations will have to develop digital literacy, cross-functional collaboration, and
sustainability-oriented leadership (Vial, 2019). Environmental management principles combined
with digital analytics skills are training programs that can help the organization learn to convert
data insights into increased sustainability levels.

Third, technological upgrades must go hand in hand with business model innovation.

Platform-guided services, product-service systems, and circular supply-chain alliances allow
companies to gain value and cut material intensity (Bocken et al., 2014). The digital
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transformation is not to be viewed by the managers as operational modernization, but as an
opportunity to restructure the value propositions in terms of sustainable outcomes.

Lastly, measurable indicators of sustainability with digital dashboards should be
embraced by organizations. Monitoring and reporting in real time enhances transparency and
accountability, which strengthens trust among stakeholders and competitiveness in the long run.

Policy Implications

On the policy level, the results emphasize the necessity of regulatory frameworks that
stimulate the fusion of digital innovation and sustainability approaches. The implementation of
smart energy systems, blockchain-traceability, and circular digital platforms can be supported
with the help of subsidies, tax breaks, and innovation awards.

Standardization efforts are also important. [oT devices and blockchain interoperability
standards can minimize the implementation barrier and increase collaboration across sectors
(Saberi et al., 2018). Also, governmental investment in the digital infrastructure (especially
broadband and data governance systems) contributes to fair access to sustainable digital
transformation.

Policymakers are also to incorporate digitalization strategies in the national sustainability
roadmaps to make sure that the technological progress is aligned with the environmental aim.

Limitations

This study has several limitations. First, being a qualitative secondary literature review,
the results are determined by the knowledge and the quality of the chosen publications, and they
may not reflect new empirical developments. Second, subjectivity could be involved in the
interpretive coding even though codification was done systematically. Third, the differences in
the sectors were not analyzed in great detail; the sustainability effects of digital solutions can
vary depending on industries and geographical settings. Empirical case study and quantitative
analyses need to be carried out in future research to support and/or expand the proposed
integrative framework.

Conclusion

This study has explored the role of digital solutions as a source of sustainable innovation
by synthesizing interdisciplinary literature qualitatively. The public good served by the digital
solutions considered is enhanced environmental sustainability, increased resource efficiency and
long-term socio-economic development achieved through digitally enabled innovation. The
effective use of digital technologies in the public sector reduces waste of resources, increases
transparency and contributes to the achievement of sustainable development goals.

The results show that digital technologies, in general, and Al, [oT, big data analytics, and
blockchain, in particular, can be used to enable sustainability transitions, employed to improve
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the efficiency of resources, facilitate the use of the circular economy, advance transparent supply
chains, and promote novel business approaches. Notably, the findings indicate that technological
implementation is not enough; organizational capabilities, leadership commitment, and strategic
alignment are important to mediate the results.

The research adds to the body of literature because it combines the theory of digital
transformation with sustainability and innovation approaches to provide a systematic insight into
how digital capabilities are used in building environmental and economic value. The study
connects resource-based, dynamic, and socio-technical approaches to achieve theoretical
consistency within this new area of study.

Future research should empirically test the proposed relationships across industries and
regions to account for contextual differences. Quantitative studies and longitudinal case analyses
would further clarify causality and performance outcomes. Additionally, further investigation is
needed into the environmental trade-offs of digital technologies themselves, ensuring that digital
transformation contributes positively to sustainable development goals in the long term.
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