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The accelerating pace of digital innovation presents new governance challenges,
necessitating the establishment of robust policy, legislative, and institutional
frameworks to mitigate risks and maximize sustainability benefits. This study
examines the intersection between digital transformation (DT), governance, and
sustainability within the context of the United Nations Sustainable Development
Goals (SDGs). The purpose of this study is to synthesize and critically evalu-
ate the evidence on how DT governance influences progress toward the SDGs.
Using a systematic mapping and structured qualitative evidence synthesis, aligned
with PRISMA 2020 guidelines, the study reviews peer-reviewed literature pub-
lished between 2015 and 2024 on the governance of DT in relation to the SDGs.
Sixty-five studies were analyzed across governance scales, digital technologies,
and sustainability dimensions. The findings reveal strong optimism regarding DT
contributions to the SDGs, alongside persistent governance gaps, contextual
inequalities, and underexamined trade-offs. To address these gaps, the study
proposes an evidence-informed framework for sustainable DT governance that
integrates inclusivity, adaptability, transparency, and multi-stakeholder collabo-
ration. The framework is positioned relative to existing digital and sustainability
governance models and highlights implementation challenges, particularly in
low- and middle-income country contexts. The results advance policy-relevant
insights for aligning digital innovation with long-term sustainability objectives.

KEYWORDS
digital transformation, governance, qualitative evidence synthesis, sustainability,
sustainable development goals, systematic mapping

1 Introduction

The digital era is reshaping every aspect of life with the integration of advanced digital
technologies such as Artificial Intelligence (AI), Big Data, Cloud Computing, Video Analytics,
Virtual and Augmented Realities, and the Internet of Things (IoT) into sustainable develop-
ment practices presenting both unparalleled opportunities and considerable challenges (World
Economic Forum, 2019). In this context, Digital Transformation (DT) offers a promising
potential for accelerating the achievement of the UN Sustainable Development Goals (SDGs)
by streamlining processes and enhancing efficiency across economic, environmental, and social
pillars (Bai et al., 2025; World Economic Forum, 2020b). Nonetheless, the emergence and rapid
expansion of digital technologies also raises significant concerns regarding the capacity to
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address pressing global challenges, particularly sustainability (United
Nations Conference on Trade and Development, 2018), defined as
“meeting the needs of the present without compromising the ability
of future generations to meet their own needs” (Brundtland, 1987;
United Nations, 2020; World Bank, 2019).

The UN views sustainability through a framework of the SDGs
built upon three interconnected pillars: economic, environmental, and
social, and designed to promote environmental protection, social
equity, and economic development (Allen et al., 2016; Allen et al.,
2018; Berawi, 2017; Glavi¢ and Lukman, 2007; Ruggerio, 2021; Sachs
et al., 2019; United Nations, 2015a; United Nations, 2015b; United
Nations Conference on Trade and Development, 2018). Embracing
sustainability is beyond just a moral imperative but rather an eco-
nomic and social necessity, becoming also essential in the business
and governance fields (Goralski and Tan, 2020; Jones et al., 2017). In
parallel, Digital transformation, or DT, described as the integration of
digital technologies into business areas (El hilali and El manouar,
2019), is altering how organizations operate and deliver value to cus-
tomers (Ghobakhloo et al., 2021a; Khakurel et al., 2018; Stock et al.,
2018). It involves the digitization of information and the evolution of
systems, processes, and organizational culture to boost efficiency, per-
formance, and value creation (Etzion and Aragon-Correa, 2016;
Santarius et al., 2023a) and to adapt to a dynamically changing digital
economy (Norstrom et al., 2023; Zhang et al., 2024), marking a shift
towards more efficient, innovative, and customer-focused operations
(Gong and Ribiere, 2021).

Both DT and sustainability have steadily emerged as central con-
cepts of focus in the contemporary global context, intersecting and
providing opportunities to leverage digital technologies towards
achieving sustainable development (SD). Combining technological
advancements with robust sustainability practices leads to enhanced
quality of life through democratized services and drives towards an
economically stable, socially equitable, and environmentally healthy
global society (Bai et al., 2025; Brenner and Hartl, 2021; Guandalini,
2022; Ji and Huang, 2024). Concurrently, DT is also associated with
risks and challenges (Truby, 2020; Young et al., 2020) of significant
concerns to be addressed to ensure that the DT does not undermine
sustainability (Bekaroo et al., 2016). In this context, DT governance
refers to policies and guidelines that regulate the development, imple-
mentation, and use of digital technologies. It can be leveraged to sup-
port the UN SDGs by guiding the effective, ethical, and equitable use
of technologies towards addressing global challenges like poverty,
education, inequality, and climate change.

Emerging efforts underscore the need for a holistic approach that
integrates digital and sustainability transformations, while recognizing
the interconnected nature of these fields and the critical role of robust
national policies and global actions to ensure their effective imple-
mentation and beneficial outcomes (United Nations Department of
Economic and Social Affairs, 2018). The purpose of this study is to
synthesize and critically assess the evidence on how digital transfor-
mation governance shapes environmental, social, and economic prog-
ress toward the United Nations Sustainable Development Goals. Given
the policy-oriented and multi-scalar nature of digital transformation
governance, this study applies an adapted governance-oriented ana-
Iytical structure that defines (i) contexts (governance level and socio-
economic setting); (ii) governance interventions (policies, regulatory
instruments and institutional arrangements); and (iii) sustainability-
related outcomes in relation to the UN SDGs. As such, this study pres-
ents a systematic mapping and qualitative evidence synthesis of the
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role of DT governance in the pursuit of the UN SDGs, by addressing
the following questions:

1) How do DT initiatives influence progress toward the environ-
mental, social, and economic dimensions of the UN SDGs
across different governance levels and socio-economic
contexts?

2) Which DT governance mechanisms—such as policies, regula-
tory frameworks, institutional arrangements, and coordina-
tion instruments—shape the direction and magnitude of DT
impacts on SDG progress? and

3) What governance approaches and policy practices have been
reported as effective in aligning digital transformation with
the UN SDGs, and under what institutional and geographic
conditions are these practices transferable or constrained?

Past efforts emphasized the use of DT to support the governance
of sustainability, rather than the governance of DT itself in a sustain-
able manner, leaving a critical gap in understanding how governance
structures can manage DT towards sustainability. While highlighting
the importance of DT governance, previous studies stopped short of
synthesizing knowledge gaps to address governance challenges. Unlike
earlier studies that narrowly focus on specific SDGs or emphasize
technological benefits without fully exploring trade-offs, this study
adopts a holistic approach, examining interconnections across all
SDGs while providing a balanced analysis of benefits and challenges.
The success of DT in promoting sustainability depends heavily on
regional, economic, and social contexts, which are underexplored in
past efforts. Therefore, we consider regional variability and contextual
sensitivity to ensure that the findings are globally applicable and
locally relevant. Additionally, we highlight policy pathways and stra-
tegic actions for effective DT governance aiming to support sustain-
able development. Finally, this study develops an inductively derived,
evidence-based governance framework that synthesizes recurring
patterns in governance mechanisms, institutional capacity, and con-
textual implementation challenges shaping the sustainability out-
comes of digital transformation, offering an analytical lens for
understanding DT governance in relation to the UN SDGs and iden-
tifying key knowledge gaps and future research directions.

2 Methodology

2.1 Systematic mapping and structured
qualitative synthesis protocol and search
strategy

A systematic mapping and structured qualitative evidence synthe-
sis was conducted to identify knowledge gaps and opportunities, along
with a critical assessment of relevant studies addressing the effects of
DT governance on the progress of SDGs. First, a screening was con-
ducted in accordance with the updated Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) framework 2020
(Page et al., 2021), ensuring a scientifically rigorous and transparent
approach to systematic analysis through a standard methodology and
guideline checklist. A protocol was established to define the search
strategy, inclusion and exclusion criteria, data extraction, and analysis
procedures. The search targeted three prominent electronic
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bibliographic databases: Scopus, Web of Science, and Science Direct,
chosen for their recognized impact indices and coverage of credible
peer-reviewed literature in sustainability and digital transformation.
The search was limited to relatively recent articles published since
2015 onwards, coinciding with the adoption of SDGs. Only English-
language publications were included for feasibility. Relevant bibliog-
raphies were screened manually to identify additional eligible studies.
The review was also restricted to peer-reviewed open-access articles
to enhance transparency, reproducibility, and accessibility of the evi-
dence base for policy-oriented audiences, particularly in resource-
constrained contexts. While this criterion supports equitable access,
it may introduce selection bias by underrepresenting paywalled gov-
ernance and theoretical studies; the implications of this limitation are
explicitly addressed in the Discussion and inform the identification of
future research directions. Search terms were expanded to capture as
many relevant studies as possible, including “Sustainable Development
Goals” or “SDGs,” “Digital Transformation” or “Digital Technologies”
or “ICT” and “Governance” or “Policy” or “Strategy” The complete
database-specific Boolean search strings used for each bibliographic
source are provided in Appendix A to enhance transparency and rep-
licability. Inclusion and exclusion criteria (Table 1) were then defined
and used to filter studies that analyzed the role and impacts of DT
governance and policies on the SDGs.

The collection of articles was conducted in three rounds. The first
round involved an initial search in SCOPUS (n = 152) articles, Web of
Science (n = 89) articles, and Science Direct databases (n = 236) arti-
cles, resulting in a total of (n = 477) studies. After excluding dupli-
cates, (n = 461) studies remained. In the first screening round, 126
articles were excluded for being irrelevant to the research question or
not focused on the governance of DT (EC-3). In the second round,
(n = 39) publications were excluded for addressing the governance of
DT at the corporate or business levels rather than the national or

TABLE 1 Inclusion and Exclusion criteria for the selection of studies.

Inclusion Criteria (ICs) Exclusion Criteria (ECs)

IC-1. Studies addressing the EC-1. Proceedings of congresses,
governance of DT and its

impacts on the UN SDGs

conference papers, books,
book chapters, dissertations,

and thesis studies

EC-2. Written in languages other
than English

IC-2. Written in the English EC-3. Studies that are off-topic

language (irrelevant to the research
questions) or not focused on
the governance of DT
IC-3. Available in full text (Open EC-4. Studies addressing the
Access) governance of DT at the

corporate or business levels

IC-4. Published between 2015 and
2024

EC-5. Studies addressing a specific
industry or sector, not

generalized to all sectors

EC-6. Studies not available in full

text

DT: Digital Transformation; IC: Inclusion Criteria; EC: Exclusion Criteria.
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global level (EC-4). In the third round, the remaining studies were
further screened, and the full texts of eligible publications were
reviewed for relevance, with 237 studies excluded for being sector or
industry-specific not generalizable to all sectors (EC-5), with (n = 54)
remaining studies. Manual screening of reference lists of relevant stud-
ies yielded 11 additional papers. The overall process is presented in the
PRISMA flow diagram in Figure 1 with 65 relevant studies.

2.2 Quality appraisal and assessment criteria
of included studies

A structured quality appraisal was conducted using an adapted
Mixed Methods Appraisal Tool (MMAT) framework appropriate for
interdisciplinary, mixed-methods, and governance-oriented research
(Hong et al., 2018). The appraisal assessed studies against core criteria
relevant to governance and policy analysis, including methodological
transparency, coherence between research questions, design and con-
clusions, and the clarity and plausibility of governance and policy
implications. Detailed appraisal criteria, scoring logic, and summary
outcomes are reported in Appendix B. Given the conceptual, norma-
tive, and policy-analytical orientation of a substantial portion of the
reviewed literature, the quality appraisal was applied in a context-
sensitive and non-exclusionary manner. Rather than serving as a basis
for study exclusion, appraisal results were used to contextualize the
synthesis, inform interpretation of findings, and distinguish robust
evidence from more tentative findings. The appraisal indicates that the
evidence base linking digital transformation governance to SDGs out-
comes is substantial but uneven. Empirically grounded findings are
more prevalent in the high- and moderate-quality literature, while
strongly optimistic or solutionist narratives are disproportionately
represented among lower-quality and conceptual studies. This pattern
reinforces the review’s identification of a positivity bias and underpins
the decision to treat reported sustainability benefits of DT as condi-
tional on governance quality, institutional capacity, and context, rather
than as universally transferable outcomes. These quality consider-
ations are explicitly reflected in the Discussion and governance frame-
work interpretation.

3 Results and discussion

3.1 Digital transformation, sustainability and
governance

3.1.1 Key findings

Reported studies were extracted from peer reviewed scientific
journals focusing on sustainability, digital transformation, and gover-
nance or policy-related subjects. Prior to the Paris agreement and the
promulgation of the UN SDGs in 2016, limited efforts connecting DT
with sustainability appeared from 2011 to 2015, during which, a dis-
connect is evident between sustainability goals and DT initiatives,
hindering their effective implementation (Norstrom et al., 2023). A
noticeable increase in publications is observed from 2016 to 2024
(Figure 2), conceding the relationship between DT and sustainability.
This surge underscores the growing recognition of the role that DT
can play in promoting economic prosperity, social equity, and envi-
ronmental conservation (Lange and Santarius, 2020; Stock et al.,
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FIGURE 1
Flow diagram for the systematic analysis using PRISMA 2020 guidelines. DT: Digital transformation; n: number of articles.
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Publications trend: 2016—-2024.
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2018). For instance, the relationship between digital technologies and
sustainability was first explored in 2017 (Gebhardt, 2017) then in 2019
(Gazzola et al., 2019), suggesting that aligning smart technologies with
green principles can stimulate transformative change and opportuni-
ties for the industry to embrace sustainability and digital progress
simultaneously.

Figure 3 exhibits a bibliographic network analysis visualizing key-
words displayed with varying sizes, where the size of each word
reflects its frequency or prominence within the reported studies. It
also provides a visual depiction of keyword clusters and their intercon-
nections, categorizing main keywords into three distinct sub-themes
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(clusters): [a] “Digital Transformation,” [b] “Sustainability,” and [c]
“Governance.”

» <

Frequently cited journals include “Sustainability,” “Technological
Forecasting and Social Change” “Cities,” and “Government
Information Quarterly” Only one paper was extracted from each of
the remaining publishers (Table 2) with the geographical spread of all,
according to countries of authorship represented in Figure 4.

The impacts of DT on the achievement of the SDGs indicate that
DT can have varying effects (positive, negative, or dual) contingent
upon the context of its adoption, such as the extent of DT implemen-
tation, the effectiveness of adopted DT governance and policies, and
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the level of a country’s development (e.g., developing vs. developed vs.
in transition; income level: high vs. middle vs. low). Most studies
(Campagnolo et al., 2018) highlight a positive transformative potential
of digital technologies in advancing the SDGs (Allan et al., 2024;
Alojail and Khan, 2023; Biihler et al., 2021; Delgosha et al., 2021;
ElMassah and Mohieldin, 2020; Fernandez-Aller et al., 2021; de
Galdino Magalhaes Santos, 2024; Hong and Xiao, 2024; Ibrahim,
2022; Imasiku et al., 2019; Irtyshcheva et al., 2020; Ji and Huang, 2024;
Kolupaieva et al., 2024; Liu, 2024; Mir et al., 2020; Nosratabadi et al.,
2023; Quattrone and Chen, 2023; Sparviero and Ragnedda, 2021;
Spulbar et al., 2022; Tura and Ojanen, 2022; Ufua et al., 2021; van der
Hoogen et al., 2024; Virzaru et al., 2023). In contrast, a few studies
(Allen et al., 2016) reported exclusively negative impacts and risks
associated with DT, such as the exacerbation of social inequalities due
to the digital divide (Kolade and Owoseni, 2022; Kolupaieva and
Tiesheva, 2023; Truby, 2020), ethical challenges and human rights
implications (Stahl et al., 2022; Stahl et al., 2023; Truby, 2020). Other
studies (Balogun et al., 2020) reported dual impacts stating that
although DT holds great promise for accelerating progress toward the
SDGs, its implementation carries risks and potential adverse effects
(Goralski and Tan, 2020; Higon et al., 2017; Kolesnichenko et al., 2021;
Meijer, 2024; Nahar, 2024; Pascale and Romagno, 2024;
Shahmohammad et al., 2024; Siekmann et al., 2023; Zhang et al,,
2024). On the other hand, the majority of studies (Del Rio Castro et
al,, 2021) underscored potential positive impacts of DT on achieving
SDGs, provided that effective DT governance systems are adopted
(Bergantino et al., 2024; Clark et al., 2022; David et al., 2024; Furtado
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etal., 2023; Gouvea et al., 2018; Gritsenko, 2024; Jacob, 2018; Janowski,
2016; Janowski et al., 2018; Kassen, 2019; Khan et al., 2024; Kolade and
Owoseni, 2022; Kostoska and Kocarev, 2019; Madon and Masiero,
2024; Meijer, 2024; Mienye et al., 2024; Palos-Sanchez et al., 2023;
Pollex and Lenschow, 2018; Rosdrio and Dias, 2022; Santarius et al.,
2023b; Schulz et al., 2020; Sha et al., 2024; Sharifi et al., 2024; Tura and
Ojanen, 2022; Vinuesa et al., 2020; Young et al., 2020; Zambrano,
2020; Zeng and Duan, 2024). Only one study reflected on the correla-
tion between DT and sustainability (Akande et al., 2019), arguing the
possibility for a city to be smart (high ICT use) but not sustainable
(high CO, emissions), and vice versa. Other studies (Santarius et al.,
2023a; Santarius et al., 2023b) reported vague environmental impacts
with ICT use, where potential savings through ICT were not examined
thoroughly (Figure 5). Noteworthy, the reported studies exhibit a clear
positivity bias, emphasizing the benefits of DT while only marginally
addressing its associated risks, trade-offs, and long-term conse-
quences. This optimistic framing can shape policy narratives that por-
tray DT as inherently sustainability-enhancing, potentially obscuring
environmental externalities, social inequalities, and governance chal-
lenges. These implications of positivity bias are examined critically in
the Discussion section, where its effects on policy interpretation and
sustainability outcomes are analyzed in greater depth.

Another notable observation is related to the multiple scales of
examination of the impacts of DT governance on the achievement of
SDGs (Figure 6). Nineteen studies analyzed these impacts at multiple
scales (global, regional, national, and/or local) (Akande et al., 2019;
Bergantino et al., 2024; Bostrom and Nayyar, 2023; Biithler et al., 2021;
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TABLE 2 Distribution of number of publications per publisher.

Journal name

(Publisher)

Problems of Sustainable

Development

Journal name
(Publisher)

Sustainable development

Equilibrium. Quarterly

The International Journal

Journal of Economics and of Management
Economic Policy Education

Data and Policy Published IEEE Technology and
online by Cambridge Society Magazine
University Press

Structural Change and

Economic Dynamics

Current Opinion in
Environmental

Sustainability

Energy, Sustainability and

Nature Communications

Society

Systems Telematics and
Informatics

Statistics, Politics and Technology in Society

Policy

SAGE Open Environmental Science

and Policy

Journal of Urban

Management

The Computer Law and

Security Report

Remote Sensing

Sustainable Cities and

Society

Information Polity

Southeast Asian Studies

Sustainability Science

International Journal of

Digital Earth

Futures

World Development

Frontiers in Blockchain

Machine Learning with

Applications

Ecological Economics

Telecommunications

Policy

Journal of Management

and Organization

Information Systems

Frontiers

Digital Policy, Regulation

and Governance

Sustainable Futures

Ecological Indicators

Administrative Sciences

Heliyon Government Information
Quarterly

Annals of Cities

Telecommunications

Journal of Cleaner

Production

Technological Forecasting

and Social Change

Baltic Journal of

Economic Studies

Sustainability

International Review of
Administrative Sciences

(SAGE Pub)

# Number of publications.
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Delgosha et al., 2021; EIMassah and Mohieldin, 2020; Imasiku et al.,
2019; Khan et al., 2024; Kolupaieva and Tiesheva, 2023; Kolupaieva et
al., 2024; Kostoska and Kocarev, 2019; Nahar, 2024; Nosratabadi et al.,
2023; Schulz et al., 2020; Sparviero and Ragnedda, 2021; Spulbar et al.,
2022; Stahl et al., 2022; Stahl et al., 2023; Zeng and Duan, 2024), with
14 targeting the global level (Clark et al., 2022; Goralski and Tan, 2020;
Gouvea et al.,, 2018; Gritsenko, 2024; Higon et al., 2017; Janowski,
2016; Janowski et al., 2018; Kolesnichenko et al., 2021; Pascale and
Romagno, 2024; Pollex and Lenschow, 2018; Truby, 2020; Vinuesa et
al.,, 2020; Young et al., 2020; Zambrano, 2020), and 15 the national/
country level (Alojail and Khan, 2023; de Galdino Magalhaes Santos,
2024; Hong and Xiao, 2024; Irtyshcheva et al., 2020; Ji and Huang,
2024; Kassen, 2019; Liu, 2024; Madon and Masiero, 2024; Mir et al.,
2020; Palos-Sanchez et al., 2023; Quattrone and Chen, 2023; Santarius
etal,, 2023b; Siekmann et al., 2023; Ufua et al., 2021; van der Hoogen
et al, 2024). Only four studies focused on the regional effects
(Fernandez-Aller et al., 2021; Mienye et al., 2024; Virzaru et al., 2023;
Zhang et al., 2024), while another group of seven explored the subna-
tional or local scale of such effects at city (urban) or municipality level
(Allan et al., 2024; David et al., 2024; Furtado et al., 2023; Ibrahim,
2022; Jacob, 2018; Sha et al., 2024; Shahmohammad et al., 2024).

These studies addressed all SDGs or a specific subset of them
(Table 3) while covering various geographical scopes from global to
specific country groupings. Most (Brundtland, 1987) targeted all sus-
tainability dimensions concurrently (Bibri, 2019) or sustainability in
a broad sense without specifying which SDG in particular (Alojail and
Khan, 2023), recognizing the need to consider and achieve them as an
integrated whole. On the other hand, several studies focused on indi-
vidual SDGs or groups of them. The focused approach could be a
result of many factors, including the complexity of simultaneously
studying the effects of DT governance on all SDGs, the differential
impacts DT can have on SDGs, the lack of data about certain SDGs,
or the contextual necessity to focus on specific SDG areas relevant to
the country under study.

Diverse methods were used in assessing the impacts of DT gov-
ernance on SDGs including qualitative, quantitative, or mixed meth-
ods as highlighted in Table 4 alongside the type of data relied upon.
Many (Coroama and Hojer, 2016) employed qualitative analysis
(Allan et al., 2024; Clark et al., 2022; David et al., 2024; Fernandez-
Aller et al., 2021; Furtado et al., 2023; de Galdino Magalhaes Santos,
2024; Goralski and Tan, 2020; Gritsenko, 2024; Janowski et al., 2018;
Kassen, 2019; Kolesnichenko et al., 2021; Kostoska and Kocarev,
2019; Madon and Masiero, 2024; Meijer, 2024; Mienye et al., 2024;
Palos-Sanchez et al., 2023; Quattrone and Chen, 2023; Santarius et al.,
2023a; Santarius et al., 2023b; Sha et al., 2024; Sparviero and
Ragnedda, 2021; Stahl et al., 2022; Stahl et al., 2023; Truby, 2020; Ufua
et al, 2021; Vinuesa et al., 2020; Zeng and Duan, 2024) while
(Bostrom and Nayyar, 2023) were based on quantitative analysis
(Bergantino et al., 2024; Bostrom and Nayyar, 2023; Biihler et al.,
2021; Delgosha et al., 2021; EIMassah and Mohieldin, 2020; Hong and
Xiao, 2024; Jacob, 2018; Ji and Huang, 2024; Khan et al., 2024;
Kolupaieva and Tiesheva, 2023; Liu, 2024; Nahar, 2024; Nosratabadi
et al., 2023; Pascale and Romagno, 2024; Schulz et al., 2020; Siekmann
et al., 2023; Spulbar et al., 2022; Varzaru et al., 2023; Zhang et al,,
2024) and (Bibri, 2019) used a mixed-approach (Akande et al., 2019;
Alojail and Khan, 2023; Gouvea et al., 2018; Higon et al,, 2017;
Ibrahim, 2022; Imasiku et al., 2019; Irtyshcheva et al., 2020; Janowski,
2016; Kolupaieva et al., 2024; Mir et al., 2020; Pollex and Lenschow,
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2018; van der Hoogen et al., 2024; Young et al., 2020; Zambrano,  insights with empirical data from credible sources. It enhances the
2020) combining expert insights or policy documents with other  validity and reliability of findings by enabling cross-verification of

methods such as statistical analysis. The mixed approach helps in  results.

minimizing potential biases encountered in qualitative methods and Noteworthy, a few studies (Allen et al., 2018) conducted literature
enhances the robustness of the analysis by correlating experts  surveys (Kolade and Owoseni, 2022; Rosario and Dias, 2022; Sha et
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TABLE 3 Dimension(s) of sustainability reported in the literature.

10.3389/frsc.2026.1743552

Dimension(s) of sustainability Number of
studies

« Economic (Alojail and Khan, 2023; Delgosha et al., 2021; Imasiku et al., 2019; Kharrazi et al., 2016) 4

« Environmental (Biihler et al., 2021; ITASA, 2019; Mazzi and Floridi, 2023; Pierli et al., 2023; Santarius et al., 2020) 5

« Social (EIMassah and Mohieldin, 2020; de Galdino Magalhées Santos, 2024; Janowski, 2016; Jones et al., 2017; Mienye et al., 2024; Spulbar et al., N
2022; Townsend and Coroama, 2018; Wu et al., 2018)

« Economic and Environmental (Gouvea et al., 2018; Higon et al., 2017; Hong et al., 2018; Palos-Sanchez et al., 2023; Santarius et al., 2023a; Zeng and p
Duan, 2024)

« Economic and Social (Bergantino et al., 2024; Bostrom and Nayyar, 2023; David et al., 2024; Gritsenko, 2024; Janowski et al., 2018; Kolesnichenko
et al,, 2021; Lennerfors et al., 2015; Maaroof, 2015; Mondejar et al., 2021; Norstrom et al., 2023; Sparviero and Ragnedda, 2021; Stahl et al., 2022; 15
Turcu, 2013; Young et al., 2020; Zambrano, 2020)

« Environmental and Social (Allan et al.,, 2024; Irtyshcheva et al., 2020; Page et al., 2021; Sha et al., 2024; Truby, 2020; United Nations Sustainable p
Development Solutions Network, 2019)

« Economic, Environmental and Social (Akande et al., 2019; Ferndndez-Aller et al., 2021; Furtado et al., 2023; Goralski and Tan, 2020; Khakurel et al.,
2018; Kolade and Owoseni, 2022; Kolupaieva and Tiesheva, 2023; Meijer, 2024; Pollex and Lenschow, 2018; Quattrone and Chen, 2023; Santarius et 14
al., 2023b; Shahmohammad et al., 2024; Sharifi et al., 2024; Virzaru et al., 2023)

« Sustainability in general (Clark et al., 2022; Huang et al., 2023; Jain et al., 2023; Kolupaieva et al., 2024; Seele and Lock, 2017; Siekmann et al., 2023; ;
van der Hoogen et al., 2024)

TABLE 4 Types of data used in published efforts: Quantitative vs. Qualitative.

Quantitative Data Qualitative Data

« Country-level panel and statistical « Field studies, surveys,

data from databases of national interviews, questionnaires and
agencies and international institutions
(World Bank, Eurostat, UN SDG
Indicators database, SDG Global

Database, World Development

workshops with experts,
researchers, practitioners,
decision-makers or local
municipal and governmental
officials, stakeholder board

meeting, focus group, experts’

Indicators database, International
Telecommunication Union, Our
World in Data, OECD, European opinions...

Statistical Service, European « Policy documents and publicly
Commission, International available reports by agencies
Energy Agency...) such as the UN, Cities Climate
« Country-level self-reported data and Leadership Group reports...
progress reports, municipal data from | « Qualitative data from Google,
official sources, biometric data, big data, the internet or data
urban databases. .. from social media (social
« Numerical data from Google, big networks, blogs or
data, the internet or data from social news portals...)

media (social networks, blogs or o Existing models and literature
news portals...) (Socio-technical systems,
« Remote sensing data (geospatial, consensus-based expert
climate, and environmental data) elicitation process...)
from Copernicus Climate Data Store
and sensor data from sensors owned
by governmental agencies or by

citizens.

UN: United Nations; SDGs: Sustainable Development Goals.

al., 2024; Shahmohammad et al., 2024; Sharifi et al., 2024; Tura and
Ojanen, 2022) using various approaches targeting DT governance in
alignment with sustainability albeit with a narrow focus, often empha-
sizing specific SDGs, technologies, or challenges while overlooking
broader intersections and trade-offs across sustainability objectives.

Frontiers in Sustainable Cities

These surveys exhibited a bias towards positive impacts of technolo-
gies or solutions while understating adverse effects. Geographic and
contextual variations, critical for tailoring solutions to diverse regions
and socio-economic conditions, were not explored adequately.
Moreover, while challenges and suggestions were identified, actionable
frameworks or implementation strategies for policymakers are lack-
ing, limiting the practical applicability of findings. Table 5 summarizes
the reported effects of DT on the achievement of the UN SDGs,
according to the literature. The Supplementary material provides
information about each paper, including focus and objectives, analysis
type and methodologies, technologies and levels of DT governance,
data sources, study period, and geographical context. It also highlights
the targeted SDGs and their dimensions, key findings about the
impacts of DT on SDGs (positive, negative, or dual), among other
notable observations. The analysis identified correlations and patterns
with a summary of metrics (word cloud, publications by journal, geo-
graphical spread, and keyword cluster), as well as key insights, gaps,
and future directions.

3.1.2 Impacts of DT on SDGs

DT can play a key role in catalyzing sustainability efforts across
various sectors with well-documented examples of positive outcomes
(Table 6) by providing innovative solutions to address environmental,
social, and economic challenges (Berawi, 2017; Brenner and Hartl,
2021; WBGU, German Advisory Council on Global Change, 2019).

The reviewed literature documents a wide range of environmental,
economic, and social impacts of DT on progress toward the SDGs,
reporting positive, negative, and mixed effects across sectors and con-
texts. Environmentally, many studies indicate that DT supports sus-
tainable development by enabling real-time climate monitoring,
optimization of resource and energy use, waste reduction, and emis-
sions mitigation (Akande et al., 2019; Bibri, 2019; Bibri and Krogstie,
2017; Bifulco et al., 2016; Guo et al.,, 2018; Higén et al., 2017; Hong
and Xiao, 2024; Imasiku et al., 2019; Kramers et al., 2013; Santarius et
al., 2020; Seele, 2016; Seele and Lock, 2017; Tura and Ojanen, 2022;
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TABLE 5 Reported impacts of digital transformation (DT) on the SDGs by governance scale by governance scale.

Governance scale Positive Negative Dual (positive Conditional on
and negative) governance

Global 6 2 3 8 19
National 7 2 2 9 20
Regional 3 0 1 2 6
Local/Sub-national 3 1 2 3 9
Multi-level 4 0 1 6 11
Total 23 5 9 28 65

DT: Digital Transformation; SDGs: Sustainable Development Goals. Positive impacts refer to studies reporting predominantly enabling effects of DT on SDG achievement; Negative impacts
refer to studies identifying primarily adverse or undermining effects; Dual impacts indicate coexisting benefits and risks.; Conditional impacts refer to outcomes explicitly dependent on
governance capacity, regulatory design, or institutional context. Study-level mapping of DT impacts on SDGs is provided in Supplementary Tables S1, S2.

TABLE 6 How digital technologies can be used to support the achievement of the UN SDGs.

Digital

technologies

Main sustainability contribution pathways

Artificial intelligence and

advanced analytics

Resource optimization, decision support, climate modeling (Goralski and Tan, 2020; Imasiku et al., 2019; Jacob, 2018; Mondejar et al.,
2021; Sharifi et al., 2024; Ghobakhloo and Fathi, 2021; Mienye et al., 2024; Nahar, 2024; Nosratabadi et al., 2023; Pierli et al., 2023;
Santarius et al., 2023a; Ufua et al., 2021; van der Hoogen et al., 2024; Zhang et al., 2024)

Internet of things (IoT)

2024)

Real-time monitoring, energy and water efficiency (Akande et al., 2019; Gazzola et al., 2019; Gelenbe and Caseau, 2015; Gijzen, 2013;
Goh, 2021; Higén et al., 2017; Maaroof, 2015; Kostoska and Kocarev, 2019; Salam, 2020; Tjoa and Tjoa, 2016; van der Hoogen et al.,

Big data and data platforms
2017; Imasiku et al., 2019; Maaroof, 2015)

Evidence-based policymaking, SDG monitoring (Biihler et al., 2021; EIMassah and Mohieldin, 2020; Goralski and Tan, 2020; Hernandez,

Blockchain and distributed
ledger technologies

Forum, 2019; Shahmohammad et al., 2024)

Transparency, traceability, accountability (European Economic and Social Committee, 2020; Rosario and Dias, 2022; Santarius et al.,

2023a; Townsend and Coroama, 2018; Coroama and Héjer, 2016; Guo et al., 2018; Jones et al., 2017; Truby, 2020; World Economic

Digital twins and remote
sensing

Hernandez, 2017)

Urban planning, climate adaptation (Alojail and Khan, 2023; Bai et al., 2025; Guandalini, 2022; Mondejar et al., 2021; Seele, 2016; World
Economic Forum, 2019; Biihler et al., 2021; Jacob, 2018; Kostoska and Kocarev, 2019; Allan et al., 2024; Guo et al., 2018; Guo, 2020;

Smart city systems

Integrated service delivery, urban sustainability (Biihler et al., 2021; Kolesnichenko et al., 2021; Quattrone and Chen, 2023; Higén et al.,
2017; Jacob, 2018; Santarius et al., 2023b; van der Hoogen et al., 2024; Zhang et al., 2024; Aldieri et al., 2019; Alojail and Khan, 2023;
Barbier and Burgess, 2019; Kassen, 2019; Sharifi et al., 2024; Tura and Ojanen, 2022)

Digital government tools

Administrative efficiency, participation, transparency (Alakeson and Wilsdon, 2002; Clark et al., 2022; Etzion and Aragon-Correa, 2016;
Stahl et al., 2022; Stahl et al., 2023; Truby, 2020; Young et al., 2020; Gritsenko, 2024)

IoT: Internet of Things; SDGs: Sustainable Development Goals; IoT: Internet of Things. Contribution pathways are synthesized from recurring patterns across the reviewed studies. Detailed

study-level mappings are provided in Supplementary Table S3.

van der Hoogen et al., 2024; Zhang et al., 2024), as well as enhanced
decision support for sustainability planning and management
(Akande et al., 2019; Santarius et al., 2023a; Sharifi et al., 2024; Vinuesa
et al,, 2020). Digital technologies are also reported to contribute to
circular economy practices (Hong et al., 2018; Rosario and Dias, 2022;
Santarius et al., 2023a; Ufua et al., 2021) and more sustainable supply
chains through improved transparency, traceability, and sourcing
(Coroama and Héjer, 2016; Ghobakhloo and Fathi, 2021; Hong et al.,
2018; Pierli et al., 2023; Sha et al., 2024; Shahmohammad et al., 2024;
Vinuesa et al., 2020). At the same time, several studies document envi-
ronmental risks and rebound effects associated with DT, including
increased energy demand and the growing material footprint and
electronic waste generated by data centers and digital infrastructures
(Higoén et al., 2017; Liu, 2024; Nosratabadi et al., 2023; Santarius et al.,
2023a), which may undermine climate mitigation efforts if left unad-
dressed (van der Hoogen et al., 2024; Zhang et al., 2024). Economically,

Frontiers in Sustainable Cities

the literature associates DT with economic growth, improved access
to resources, productivity gains, innovation, and enhanced public-
sector performance, including more data-informed planning and ser-
vice delivery (Gritsenko, 2024; Janowski et al., 2018; Meijer, 2024).
During the COVID-19 pandemic, digital services played an important
role in sustaining economic activity and employment (Bai et al., 2025;
Kolesnichenko et al., 2021). Conversely, distributional tensions—such
as labor-market disruption, job displacement, skills polarization, and
unequal capture of digital value—are widely acknowledged but often
insufficiently integrated into sustainability assessments unless explic-
itly addressed through complementary policies on reskilling, fair com-
petition, and public value creation (Bostrom and Nayyar, 2023;
ElMassah and Mohieldin, 2020; Kolade and Owoseni, 2022;
Nosratabadi et al., 2023; Ufua et al., 2021). Socially, many studies high-
light the potential of digital platforms and e-governance to expand
access to services, strengthen public engagement and participation,
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and improve transparency (Janowski, 2016; Kassen, 2019).
Contributions are reported in areas such as education, healthcare,
poverty reduction, and social well-being through improved service
delivery and inclusion mechanisms (Aldieri et al., 2019; Allan et al.,
2024; Barbier and Burgess, 2019; Bergantino et al., 2024; David et al.,
2024; Fernandez-Aller et al., 2021; Gritsenko, 2024; Kassen, 2019;
Kolesnichenko et al., 2021; Mienye et al., 2024; Mondejar et al., 2021;
Nahar, 2024; Seele and Lock, 2017; Sha et al., 2024; Zeng and Duan,
2024). However, the literature also identifies significant social risks
associated with DT, including widening digital divides, unequal access
to technologies and skills, and the exclusion of marginalized popula-
tions (Bergantino et al., 2024; Kolupaieva and Tiesheva, 2023; Liu,
2024; Zambrano, 2020). Governance deficits related to cybersecurity,
data protection, accountability, and rights-preserving design further
threaten social sustainability outcomes and public trust (Clark et al.,
2022; Gritsenko, 2024; Hong et al., 2018; ITASA, 2019; Palos-Sanchez
et al., 2023; Shahmohammad et al., 2024; Sharifi et al., 2024; Stahl et
al,, 2022; Stahl et al, 2023; World Economic Forum, 2019;
Truby, 2020).

Several studies explicitly report dual or mixed impacts of DT on
sustainability. For example, artificial intelligence has been shown to
support 134 SDG targets while potentially hindering 59 others
(Vinuesa et al., 2020). Similarly, the United Nations highlights both
the benefits of frontier technologies for economic, environmental, and
health outcomes and the associated social, ethical, and environmental
risks, emphasizing the coexistence of positive and negative effects
(United Nations Department of Economic and Social Affairs, 2018).
Overall, the literature indicates that DT-related impacts on the SDGs
are heterogeneous and frequently involve simultaneous benefits and
risks (Bergantino et al., 2024; Liu, 2024; Sharifi et al., 2024; Spulbar et
al.,, 2022; Stahl et al., 2022; Stahl et al., 2023; Truby, 2020; Young et al.,
2020; Zheng et al., 2025). Figure 7 depicts the intersection among key
elements of DT and sustainability, as synthesized from the analysis.

10.3389/frsc.2026.1743552

The intersections between DT and the SDGs can support data-
driven policy and governance through real-time data and advanced
analytics to monitor environmental changes, assess the effectiveness
of sustainability initiatives, and make informed decisions to achieve
the SDGs (Bihler et al., 2021; EIMassah and Mohieldin, 2020; de
Galdino Magalhdes Santos, 2024; van der Hoogen et al., 2024).
Evidently, the dynamic and rapidly evolving nature of DT calls for
adaptive governance structures and policies to alleviate DT negative
impacts and maximize the contribution to sustainable development
(Pollex and Lenschow, 2018; Siekmann et al., 2023).

3.2 Governance of DT in alignment with the
SDGs

Efforts to assess the role of DT in advancing the SDGs consistently
emphasize the importance of robust DT governance and integrated
policy frameworks that align digital and sustainability objectives,
ensuring ethical, inclusive, and accountable implementation (Bissio,
2018; Clark et al., 2022; David et al., 2024; Gazzola et al., 2019;
Gebhardt, 2017; Ibrahim, 2022; Kharrazi et al., 2016; Kolupaieva and
Tiesheva, 2023; Norstrom et al., 2023). Across the literature, gover-
nance is framed as a key enabler for reorienting science, technology,
and innovation toward sustainability through coordinated policy, regu-
latory, and financing interventions (El hilali and El manouar, 2019;
Kharrazi et al., 2016; Sachs et al., 2016). New governance mechanisms
are therefore considered necessary to oversee the expanding role of
digital technologies and manage associated risks (Young et al., 2020).
Multiple studies highlight governance levers through which DT may
support SDG progress, including responsible and ethical technology
adoption (David et al, 2024; Furtado et al., 2023; Goh, 2021;
Hernandez, 2017; Khakurel et al., 2018; Kolupaieva et al., 2024; Kiirpick
et al,, 2023; Mazzi and Floridi, 2023; Osburg, 2017; Sha et al., 2024;
United Nations Development Group, 2017; Vinuesa et al., 2020; Wu et
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al., 2018; Young et al., 2020), data privacy protection (Maaroof, 2015),
and transparency and accountability in digital systems (Truby, 2020;
Ufua et al., 2021). Policy interventions are also frequently linked to
social objectives, such as promoting digital inclusion, accessibility, and
skills development through education and training programs (Berawi,
2017; Bergantino et al., 2024; Clark et al., 2022; Ghobakhloo et al.,
2021b; Gouvea et al., 2018; Kolade and Owoseni, 2022; Kolesnichenko
etal,, 2021; Liu, 2024; Mir et al., 2020; Pascale and Romagno, 2024; Sha
etal,, 2024; Spulbar et al., 2022; Ufua et al., 2021), as well as supporting
job creation and economic participation in the digital economy (Jain
et al,, 2023; Ji and Huang, 2024; Nosratabadi et al., 2023; Sha et al,,
2024; Townsend and Coroama, 2018; World Economic Forum, 2019;
World Economic Forum, 2020a; World Economic Forum, 2020b).
Environmental considerations similarly feature in governance discus-
sions, with policies aimed at minimizing the digital carbon footprint
and ensuring that technological innovation does not undermine envi-
ronmental sustainability (Alakeson and Wilsdon, 2002; Bai et al., 2025;
Coroama and Hojer, 2016; Gelenbe and Caseau, 2015; Hong et al.,
2018; Jacob, 2018; Kostoska and Kocarev, 2019; Kramers et al., 2013;
Lennerfors et al., 2015; Santarius et al., 2020; Stock et al., 2018). In
addition, several studies stress the role of public-private partnerships
and international cooperation in accelerating the diffusion of sustain-
able digital solutions and aligning national DT strategies with global
sustainability agendas (Akande et al., 2019; Aldieri et al., 2019; Bissio,
2018; Del Rio Castro et al., 2021; Gijzen, 2013; Janowski, 2016;
Janowski et al., 2018; Kassen, 2019; Sachs et al., 2019; Sparviero and
Ragnedda, 2021; Stahl et al., 2023). Overall, this body of literature out-
lines a broad set of governance instruments, policy domains, and nor-
mative objectives through which DT is expected to support the SDGs,
but it largely frames these mechanisms as normative goals or high-level
policy intentions rather than empirically grounded practices. Figure 8
accentuates how effective governance of digital processes can harness
DT to support sustainability objectives. DT, underpinned by robust
governance, can be leveraged to enhance social equity, economic pros-
perity, and environmental conservation (Akande et al., 2019; Gebhardt,
2017; Hong and Xiao, 2024; Ji and Huang, 2024; Palos-Sanchez et
al,, 2023).

Building on this descriptive mapping of governance approaches,
the following analysis moves beyond listing policy instruments to

10.3389/frsc.2026.1743552

critically examine how and why different governance arrangements
produce divergent sustainability outcomes across contexts.

3.2.1 From DT potential to sustainable outcomes:
a governance-centered synthesis

Building on the descriptive mapping of reported environmental,
economic, and social impacts of DT on the SDGs, the analysis adopts
a comparative, governance-centered lens to examine how governance
arrangements and contextual conditions shape variation in sustain-
ability outcomes. Across the reviewed literature, a consistent conclu-
sion emerges: DT can support progress toward the SDGs, but its net
contribution is highly contingent on governance quality, institutional
capacity, and contextual conditions (EIMassah and Mohieldin, 2020;
Higon et al., 2017), with outcomes varying markedly across gover-
nance scales, development contexts, and policy designs (Janowski,
2016; Kassen, 2019).

A first comparative pattern concerns governance scale and coor-
dination. Studies focusing on global and national levels tend to
emphasize strategic alignment, standard-setting, and policy coher-
ence, often reporting more optimistic assessments of DT-related sus-
tainability outcomes (Janowski et al., 2018; Santarius et al., 2023b). In
contrast, local and subnational studies more frequently highlight
implementation barriers, capacity constraints, and context-specific
trade-offs that are less visible at higher levels of analysis (Akande et al.,
2019; Clark et al., 2022). This divergence suggests that reported effec-
tiveness is partly a function of analytical distance from implementa-
tion realities, underscoring the importance of multi-level governance
integration and coordination in shaping observed outcomes (Meijer,
2024). A second dimension of variation relates to governance orienta-
tion. Top-down, technology-driven approaches often prioritize effi-
ciency, scalability, and rapid deployment, sometimes at the expense of
inclusivity and adaptability (Pollex and Lenschow, 2018; Truby, 2020).
Conversely, participatory and adaptive governance models tend to
emphasize stakeholder engagement, flexibility, and responsiveness to
contextual change. Although these approaches are often slower and
more resource-intensive, they are more likely to sustain equitable and
resilient sustainability outcomes over time (Kostoska and Kocarev,
2019; Schulz et al., 2020). The literature thus reveals a persistent

Tool Means Outcome
Digital Transformation (DT) DT Governance Sustainability
using Digital Technologies =17 UN SDGs
w w
ol [l IS
2 F=1 i~
A% i} L
o= = 5 —
£ g g o g
el (<5 £ = g
=8 IEu ks
SN (ol IS
o >
=
w
FIGURE 8
How DT can contribute to sustainability and the role of DT sustainable governance in this process. DT: Digital Transformation; SDGs: Sustainable
Development Goals; UN: United Nations.
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tension between the speed of digital innovation and the robustness of
governance arrangements.

A critical cross-cutting insight emerging from this synthesis is the
prevalence of positivity bias in how DT is framed in relation to sus-
tainability, a tendency that appears to be reinforced by restricting the
analysis to peer-reviewed open-access and policy-oriented literature.
Such publication channels disproportionately privilege applied, solu-
tion-focused, and impact-affirming studies, while underrepresenting
critical, legal, and theoretically grounded analyses that interrogate
governance failures, power asymmetries, trade-offs, and long-term
unintended consequences. This interaction shapes the composition of
the evidence base and the dominant policy narratives through which
DT is understood, encouraging solutionist framings that emphasize
technological opportunity over governance risk while downplaying
uncertainty, conditionality, rebound effects, long-term externalities,
distributional impacts, and institutional capacity constraints. As a
result, governance limitations and sustainability trade-offs—though
present in the literature—are often treated as secondary consider-
ations rather than as central determinants of outcomes, fostering over-
confident expectations at the policy design stage and obscuring
negative or conditional effects that tend to emerge only during or after
implementation. Recognizing this dynamic is essential for interpreting
reported sustainability benefits as conditional, context-dependent, and
governance-dependent rather than inherently sustainability-enhanc-
ing or universally transferable, and it underscores the need for more
precautionary, reflexive, and institutionally grounded approaches to
DT governance and sustainability assessment.

3.2.2 DT governance: the key components

DT governance aligned with sustainability consists of structured
policies, regulations, and guidelines that oversee the ethical, secure,
equitable and effective use of digital technologies, ensuring systemic
integration of technologic policies in alignment with societal, eco-
nomic, and environmental goals. The proposed governance frame-
work is inductively derived from recurring patterns in the literature,
synthesizing governance elements that consistently shape the sustain-
ability outcomes of DT across empirical, conceptual, and policy-ori-
ented studies. The evidence indicates that progress toward the SDGs
depends less on technological adoption than on governance capacity,
institutional coordination, and contextual fit, with stronger adminis-
trative and data governance systems better able to translate digitaliza-
tion into sustainability gains (Janowski, 2016), while weaker
institutional settings experience uneven or adverse outcomes
(EIMassah and Mohieldin, 2020; Higén et al., 2017). Across contexts,
five recurring clusters inform the framework’s core components: stra-
tegic alignment between digital and sustainability objectives (Alojail
and Khan, 2023; Janowski, 2016); robust data governance, transpar-
ency, and accountability (de Galdino Magalhaes Santos, 2024; Truby,
2020); inclusive access, skills development, and institutional capacity
building (Clark et al., 2022; Nosratabadi et al., 2023); adaptive and
reflexive governance capable of responding to rapid technological
change (Kostoska and Kocarev, 2019; Schulz et al., 2020); and sensitiv-
ity to contextual and implementation constraints, particularly in low-
and middle-income countries (LMICs) (EIMassah and Mohieldin,
2020; Zambrano, 2020). Positioned relative to existing approaches, the
framework integrates insights that are often fragmented across digital
governance, e-government, smart city, and sustainability transition
literatures. Whereas frameworks

prior tend to emphasize
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administrative efficiency (Janowski et al., 2018; Meijer, 2024), techno-
logical integration with mixed sustainability outcomes (Akande et al.,
2019; Sharifi et al., 2024), or treat digitalization as a background
enabler (Pollex and Lenschow, 2018; Santarius et al., 2023b), this
framework explicitly conceptualizes DT as a governance challenge
with sustainability consequences across environmental, social, and
economic dimensions. Governance-oriented studies consistently show
that sustainability outcomes are shaped not by technology choice
alone, but by institutional design, regulatory capacity, and contextual
conditions, positioning governance as the key “conversion mecha-
nism” through which digital capabilities are translated into SDG-
relevant outcomes (Janowski, 2016; Meijer, 2024; Pollex and Lenschow,
2018; Santarius et al., 2023b).

Positive outcomes are consistently associated with several gover-
nance components including coherent strategic vision (El hilali and
El manouar, 2019), clearly defined leadership and accountability
(Goralski and Tan, 2020; Osburg, 2017), effective data governance and
interoperability (Gensch et al., 2017; Guo et al., 2018; Kolade and
Owoseni, 2022; Kolesnichenko et al., 2021; Truby, 2020; Turcu, 2013;
Sachs et al., 2019; United Nations Development Group, 2017), safe-
guards for data privacy (Etzion and Aragon-Correa, 2016) and cyber-
security (Sharifi et al., 2024; Vinuesa et al., 2020), participatory
mechanisms (Ghobakhloo, 2020; Seele and Lock, 2017; World
Economic Forum, 2019; Young et al., 2020), and monitoring systems
capable of tracking SDG-related impacts over time (de Galdino
Magalhaes Santos, 2024; Meijer, 2024; Sharifi et al., 2024; Truby, 2020;
Zambrano, 2020). Sustainability-oriented DT requires policy instru-
ments that internalize environmental costs, incentivize low-impact
design, and embed digital deployment within broader climate and
circular-economy strategies. Policies must ensure inclusivity—cover-
ing connectivity, digital literacy, skills development, ethical digital
practices and accessibility standards—as core enabling conditions to
avoid social fragmentation (Bergantino et al., 2024; David et al., 2024;
Ghobakhloo et al., 2021b; Mazzi and Floridi, 2023; Sha et al., 2024).
Policies ought also to standardize performance metrics to measure the
progress and success of DT initiatives (Barbier and Burgess, 2019;
Bidarbakhtnia, 2020; Campagnolo et al., 2018; Guo, 2020; Nhamo et
al., 2020; Pollex and Lenschow, 2018; Siekmann et al., 2023; Tjoa and
Tjoa, 2016). Moreover, effective governance requires adaptive regula-
tory structures, enhanced policy capacity, and legal compliance
(EIMassah and Mobhieldin, 2020; Young et al., 2020; Zheng et al.,
2025). Rapid technological change renders static regulatory frame-
works and fragmented policy approaches increasingly obsolete, creat-
ing governance gaps that are particularly consequential in
lower-capacity contexts (EIMassah and Mohieldin, 2020; Kostoska
and Kocarev, 2019; Santarius et al., 2023b; Schulz et al., 2020). From
this perspective, sustainable DT governance is best understood not as
a fixed model, but as an ongoing institutional process that requires
learning, reflexivity, and continuous adjustment to evolving techno-
logic, social, and environmental conditions.

3.2.3 DT governance challenges, limitations and
contextual constraints

Although a growing body of literature has proposed governance
approaches to align DT with sustainability objectives (Allan et al.,
2024; David et al., 2024; Fernandez-Aller et al., 2021; Ibrahim, 2022;
Janowski et al., 2018; Kolupaieva and Tiesheva, 2023; Kostoska and
Kocarev, 2019; Mienye et al., 2024; Santarius et al., 2023a; Schulz et al.,
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2020; Stahl et al., 2022; Stahl et al., 2023; Ufua et al., 2021; United
Nations Sustainable Development Solutions Network, 2019;
Zambrano, 2020), these efforts remain fragmented and limited in
scope. Existing models variously emphasize smart and sustainable
governance drivers (Furtado et al., 2023), centralized or networked
governance structures (Schulz et al., 2020), digital democracy and
data-driven governance (Kostoska and Kocarev, 2019), or evolution-
ary governance and citizen—administration relationships (Janowski et
al.,, 2018). However, many of these frameworks remain largely concep-
tual, lack empirical validation, and provide limited guidance on
implementation, risk management, and contextual adaptation. In
particular, they often overlook hybrid governance arrangements,
stakeholder inclusivity, efficient resource allocation, and the need for
governance adaptability in rapidly evolving digital environments (Bai
et al,, 2025). Structural and regulatory challenges further constrain
DT governance. The literature highlights the absence of universally
agreed data protection and privacy principles (EI hilali and El man-
ouar, 2019; Gebhardt, 2017; Goralski and Tan, 2020; Sachs et al., 2019;
Zambrano, 2020), fragmentation and poor compliance in regulatory
frameworks (Shahmohammad et al., 2024; van der Hoogen et al.,
2024; Young et al., 2020), and growing governance gaps as technologi-
cal innovation outpaces regulatory capacity (Irtyshcheva et al., 2020;
Zheng et al., 2025). These challenges have prompted calls for coordi-
nated cross-sectoral responses, including proposals for a “Digital
Green Deal” to better align digitalization with sustainability and SDG
objectives (Santarius et al., 2023b). At the same time, the complexity
of evaluating and monitoring DT impacts on SDG progress remains
a persistent challenge, underscoring the need for standardized assess-
ment methods and clearer mechanisms for legal compliance and
accountability (Pollex and Lenschow, 2018; Siekmann et al., 2023).
Ethical concerns related to transparency, accountability, equity, and
inclusion further complicate governance design, requiring continuous
legal adaptation and institutional learning (Alojail and Khan, 2023;
Clark et al., 2022; David et al., 2024; Ibrahim, 2022; Sha et al., 2024;
Ufua et al., 2021).

Empirical evidence consistently shows that these governance chal-
lenges are intensified by contextual and institutional constraints, par-
ticularly in low- and middle-income countries (LMICs). Studies
document limited regulatory enforcement, fragmented institutional
mandates, insufficient technical capacity, and dependence on external
digital platforms as key barriers to effective oversight (Kassen, 2019;
Ufua et al., 2021; Zambrano, 2020). In many contexts, DT initiatives
advance faster than governance frameworks, increasing exposure to
risks such as data misuse, exclusion, and governance lock-ins (Schulz
et al,, 2020; Truby, 2020). Infrastructure deficits—including uneven
connectivity, unreliable energy supply, and limited digital literacy—
frequently reinforce existing digital divides rather than reducing them
(Clark et al., 2022; Kolupaieva and Tiesheva, 2023; Nosratabadi et al.,
2023). Similar dynamics are observed in smart city contexts, where
efficiency gains may coexist with weak environmental and social sus-
tainability outcomes in the absence of inclusive governance arrange-
ments (Akande et al., 2019; Sharifi et al., 2024). These constraints are
further shaped by broader political-economy factors, such as limited
fiscal space, donor dependence, and asymmetries in technological
ownership and control, which may prioritize short-term efficiency or
growth over long-term sustainability objectives (Bostrom and Nayyar,
2023; Santarius et al., 2023b). Collectively, the literature suggests that
sustainable DT governance requires adaptive, context-sensitive, and
phased approaches that prioritize institutional capacity building,
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cross-sectoral coordination, and regulatory learning over the trans-
plantation of uniform best practices (Biihler et al., 2021; David et al.,
2024; European Economic and Social Committee, 2020; EIMassah and
Mohieldin, 2020; Furtado et al., 2023; Gritsenko, 2024; Imasiku et al.,
2019; Madon and Masiero, 2024; Sha et al., 2024; Sharifi et al., 2024;
Siekmann et al., 2023; Sparviero and Ragnedda, 2021; Stahl et al,,
2023; United Nations Conference on Trade and Development, 2018;
United Nations Development Group, 2017; World Economic Forum,
2019; Wu et al., 2018). Recognizing these constraints is essential for
designing governance frameworks that are both practically imple-
mentable and responsive to real-world institutional limitations.

3.2.4 DT governance guidelines inspired from
best practices

Based on the literature analysis, best practices for integrating DT
with sustainability objectives are outlined in Table 7. Such practices
inspired from leading countries can provide an exemplary model for
integrating DT with the UN SDGs (Allan et al., 2024; Alojail and
Khan, 2023; Bergantino et al., 2024; Biihler et al., 2021; Clark et al.,
2022; David et al., 2024; ElMassah and Mohieldin, 2020; Fernandez-
Aller et al., 2021; Furtado et al., 2023; Gouvea et al., 2018; Ibrahim,
2022; Hong and Xiao, 2024; Ibrahim, 2022; Imasiku et al., 2019;
Irtyshcheva et al., 2020; Jacob, 2018; Janowski, 2016; Janowski et al.,
2018; Kassen, 2019; Khan et al., 2024; Kolade and Owoseni, 2022;
Kolesnichenko et al., 2021; Kolupaieva and Tiesheva, 2023; Kostoska
and Kocarev, 2019; Liu, 2024; Madon and Masiero, 2024; Meijer, 2024;
Mienye et al., 2024; Mir et al., 2020; Nosratabadi et al., 2023; Pascale
and Romagno, 2024; Pollex and Lenschow, 2018; Rosério and Dias,
2022; Santarius et al., 2023a; Santarius et al., 2023b; Schulz et al., 2020;
Sha et al., 2024; Sharifi et al., 2024; Siekmann et al., 2023; Sparviero
and Ragnedda, 2021; Spulbar et al., 2022; Stahl et al., 2022; Stahl et al.,
2023; Truby, 2020; Tura and Ojanen, 2022; Ufua et al., 2021; United
Nations Department of Economic and Social Affairs, 2018; United
Nations Sustainable Development Solutions Network, 2019; Zeng and
Duan, 2024; Zhang et al., 2024). Globally, Europe defined benchmarks
in DT governance and sustainability, leading to practices supporting
innovation and sustainability (Stahl et al., 2022).

3.2.5 Sustainable DT governance

The synthesis demonstrates that DT does not constitute a uniform
pathway toward sustainable development. Instead, sustainability out-
comes emerge from dynamic interactions between technology, gover-
nance arrangements, and socio-economic context (Higén et al., 2017;
Santarius et al., 2023a). Sustainable DT governance is an innovative
approach that integrates long-term economic, social, and environ-
mental sustainability goals into policymaking processes, offering sig-
nificant advantages over conventional approaches to DT governance.
Its “sustainable” component stands for the adaptability and ethical
focus of governance when integrating DT with sustainability objec-
tives. Unlike conventional governance approaches, it is dynamic and
flexible, able to respond to rapid technological developments and
emerging sustainability challenges through proactive risk manage-
ment and built-in feedback systems. Framing SDG-aligned DT gov-
ernance around interdependent requirements—such as [1] Inclusivity
and equity, [2] Adaptability and resilience, [3] Transparency and
accountability, and [4] Partnership and collaboration—clarifies how
policy success depends less on technology choice alone and more on
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TABLE 7 Core best practices for integrating digital transformation (DT) with sustainability objectives.

Governance domain Core best practices

Strategic governance and « Align national and local DT strategies with SDG priorities (Kassen, 2019; Pollex and Lenschow, 2018)
Integrate sustainability objectives into digital policy design and budgeting (Alojail and Khan, 2023; Ibrahim, 2022; Biihler et al., 2021;

ElMassah and Mohieldin, 2020; Sharifi et al., 2024)

policy alignment .

Truby, 2020)

« Adopt anticipatory and systemic regulatory approaches allowing governance oversight (Alojail and Khan, 2023; Janowski, 2016;

« Establish sector-specific policies (Grunfeld and Houghton, 2013)

Data governance, .
transparency and et al., 2023; World Economic Forum, 2020a)

interoperability .

Lenschow, 2018; Rosério and Dias, 2022)

Establish data governance frameworks supporting data sharing and interoperability (Biihler et al., 2021; Imasiku et al., 2019; Siekmann

Enforce data privacy, cybersecurity, and ethical Al regulations (Sharifi et al., 2024; Stahl et al., 2022; Stahl et al., 2023; United Nations
Sustainable Development Solutions Network, 2019)

« Use data for evidence-based policymaking and SDG monitoring (Biihler et al., 2021; de Galdino Magalhaes Santos, 2024; Imasiku et
al,, 2019; Kolesnichenko et al., 2021; Kolupaieva and Tiesheva, 2023; Kolupaieva et al., 2024; Pascale and Romagno, 2024; Pollex and

Digital inclusion and human .
capital development

Zeng and Duan, 2024; Zhang et al., 2024)

Invest in digital skills, literacy and capacity building (Bergantino et al., 2024; Gouvea et al., 2018; Hong and Xiao, 2024; Irtyshcheva et
al,, 2020; Khan et al., 2024; Kolade and Owoseni, 2022; Sha et al., 2024; Spulbar et al., 2022; Tura and Ojanen, 2022; Ufua et al., 2021;

« Ensure equitable access to digital infrastructure and services (Clark et al., 2022; David et al., 2024; Liu, 2024; Sha et al., 2024; United
Nations Department of Economic and Social Affairs, 2018)

« Deploy digital identity systems to improve access to public services (Madon and Masiero, 2024; Mir et al., 2020)

Sustainability-oriented .

innovation and practices .

Promote co-innovation of low-carbon and resource-efficient digital solutions (Jacob, 2018; Meijer, 2024)
Integrate sustainability metrics into DT strategies (Santarius et al., 2023a; Santarius et al., 2023b)

« Mandate sustainable supply chains and circular economy practices (Rosdrio and Dias, 2022; Ufua et al., 2021)

Financial and market .

incentives .

Provide grants, subsidies and tax incentives for sustainable DT (Mienye et al., 2024)
Regulate data center energy use and pricing (Jones et al., 2017; Stahl et al., 2023)

« Incentivize reuse, recycling and green procurement practices (EIMassah and Mohieldin, 2020)

Digital and physical .

infrastructure development World Economic Forum, 2020a)

Invest in resilient, low-impact digital infrastructure (Alojail and Khan, 2023; Nosratabadi et al., 2023; Pascale and Romagno, 2024;

« Support R&D in green digital technologies (Allan et al., 2024; Alojail and Khan, 2023)
« Integrate data governance into urban planning and infrastructure policy (Allan et al., 2024; ITASA, 2019; Kolesnichenko et al., 2021)

Multi-stakeholder .
coordination and cooperation al., 2023)

2022; Stahl et al., 2023)

Development Solutions Network, 2019)

Enable cross-sector and public—private collaboration (Gritsenko, 2024; Janowski et al., 2018; Kassen, 2019; Stahl et al., 2022; Stahl et

« Strengthen international and regional cooperation for sustainable DT (Gritsenko, 2024; Janowski et al., 2018; Kassen, 2019; Stahl et al.,

« Support collaborative crisis-response and resilience planning (Sparviero and Ragnedda, 2021; United Nations Sustainable

AL Artificial Intelligence; DT: Digital Transformation; SDGs: Sustainable Development Goals; R&D: Research and Development. Detailed country cases and best-practice examples are

reported in Supplementary Table S4.

the coherence and capacity of governance systems shaping implemen-
tation trajectories over time (Figure 9).

Inclusivity and equity ensure that all stakeholders, especially mar-
ginalized communities, are involved in decision-making, fostering
diverse perspectives and equitable solutions. They can be achieved by
addressing inequalities and ensuring fair distribution of resources and
opportunities across regions and demographics. Adaptability and
resilience respond effectively to evolving challenges, such as climate
change, rapid technologic expansions, and shifting social dynamics.
Risk mitigation strategies would address issues such as resource-inten-
sive technologies, e-waste, and algorithmic biases, while promoting
responsible innovation like green IT solutions and renewable energy-
powered technologies. Transparency and accountability, supported by
robust monitoring and evaluation systems (through feedback mecha-
nisms), can build trust through liability mechanisms and open com-
munication. and collaboration sectors

Partnership across

—governments, private entities, academia, and civil society— can

Frontiers in Sustainable Cities

14

leverage diverse expertise and resources to co-create innovative solu-
tions for sustainability challenges. This forward-looking approach
redefines governance as a critical tool for fostering a resilient, inclu-
sive, and sustainable future.

3.3 Knowledge gaps and future needs

Sustainability and DT governance are increasingly influential in
contemporary global policy and research agendas. Both fields are
dynamic and rapidly evolving, generating substantial scholarly and
policy attention regarding their potential to reshape societies, environ-
mental systems, and business practices. Despite this growing interest,
the intersection between sustainability and DT governance remains
relatively underexplored. Notably, the UN SDGs do not explicitly
address DT, highlighting a gap in their scope and objectives, because
they were promulgated at a time when DT were in their early devel-
opmental phase. This temporal disconnect has created conceptual and
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analytical gaps in understanding how DT governance interacts with
and shapes progress toward the SDGs.

To identify these gaps, this review systematically analyzed the
existing literature to assess current knowledge and uncover under-
examined areas. The findings point to several priorities for future
research. These include the need for interdisciplinary studies that
examine the environmental, social, and economic implications of
DT governance in an integrated manner; the development of stan-
dardized evaluation metrics and monitoring approaches to assess
the effectiveness of regulatory and governance interventions; and
use of mixed-method designs and longitudinal analyses to capture
long-term and cumulative impacts. Additional gaps concern the
limited availability of cross-country comparative research to bench-
mark governance approaches against global standards, as well as
the underrepresentation of perspectives from the Global South.

These identified knowledge gaps and future research directions are
synthesized into a novel framework that integrates analytical methods
and policy-relevant insights to guide the development of sustainable
DT governance aligned with the SDGs. A central direction for future
work is the empirical validation of this framework using real-world
data and national statistics, which is essential for strengthening its
practical relevance and informing evidence-based policy design.
Table 8 provides a summary of key knowledge gaps and proposed
future research topics.

Figure 10 presents a framework outlining a roadmap for further
studies towards addressing the future directions. It consists of five
related phases with actionable activities to address knowledge gaps in
DT governance with Phase 1: Impact Assessment of DT governance,
starting with (a) Environmental Impact Assessment (EIA) through
quantitative methods such as KPI analysis of carbon footprint and
energy modeling, Panel Data Regression (PDR), Risk Assessment (RA)
and cross-country comparative analysis, resulting in the development
of DT policies that support environmental SDGs; (b) Economic Impact
Analysis (quantitative analysis) can be conducted through cost-benefit
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analysis (CBA), and Input-Output (I-O) analysis, and cross-country
comparative analysis, resulting in the formulation of DT policies that
support economic SDGs; and (c) Social Impact Analysis can be carried
out through KPI Analysis for digital accessibility indexing (broadband
penetration and internet access mapping, digital affordability index),
geospatial and demographic analysis of digital accessibility, and public
perception and adoption analysis (surveys and focus groups), resulting
in the establishment of DT policies that support social SDGs.

Subsequently, Phase 2: Policy and regulatory analysis can be carried
out through policy mapping and legal benchmarking, legal compliance
gap analysis, network and stakeholder analysis, Data Envelopment
Analysis (DEA), Panel Data Regression (PDR) for policy efficiency
assessment, case study analysis for best practice identification, and cross-
country comparative analysis, resulting in the formulation of key DT
policies, including standardized global AI and data governance regula-
tions, digital market and competition regulations, as well as cybersecu-
rity and digital infrastructure protection laws. Following phase 2, Phase
3: Scenario analysis and policy simulation involves scenario planning
and trend analysis for future governance models, predictive modelling
for policy impact assessment, system dynamics modelling, game theory
and decision modelling of interactions between competing policies,
resulting in the development of adaptive and dynamic DT governance
policies.

Building upon the findings from all previous phases, we synthe-
size the environmental, economic, social and regulatory dimensions
to converge into Phase 4: The development of an integrated sustain-
able DT governance model in support of sustainability, where effective
DT policies are formulated in alignment with the UN SDGs. Finally,
Phase 5: Validation of framework and refinement through feedback
mechanisms ensures an adaptive and impactful model by relying on
real-time monitoring, stakeholder feedback, and iterative policy
updates, to promote a dynamic governance approach that evolves in
response to emerging challenges and opportunities. This phase con-
solidates phase 4 (the DT governance model), creating an
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TABLE 8 Knowledge gaps and future directions.
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nowledge Gaps Suggested Future Directions

Gap I: Lack of standardized evaluation metrics and monitoring methods

Develop standardized, SDG-linked indicators to assess the sustainability impacts of
digital transformation policies.
Establish harmonized monitoring frameworks to enable cross-context evaluation of DT

governance effectiveness.

Gap II: Limited integrated impact assessment of DT governance

Apply integrated environmental and socio-economic impact assessments combining
KPIs, life-cycle analysis (LCA), and cost-benefit analysis (CBA).
Use spatial and distributional methods to assess digital divides, accessibility barriers, and

regional inequalities.

Gap III: Insufficient comparative analysis of DT governance models

Conduct systematic policy mapping and legal benchmarking of DT governance models

across countries.

practices aligned with SDGs.

o Undertake comparative cross-country studies to identify transferable governance

environmental, social, and economic SDGs.

studies.

Gap IV: Absence of an integrated sustainable DT governance model « Develop integrated governance models aligning digital transformation with

« Empirically validate governance models using longitudinal data and comparative case

DT: Digital Transformation; SDG: Sustainable Development Goal; KPI: Key Performance Indicator; LCA: Life-Cycle Analysis; CBA: Cost-Benefit Analysis; DEA: Data Envelopment Analysis;

SWOT: Strengths, Weaknesses, Opportunities, Threats.

Phase-Gap Approach-Future Objectives
4 4
| Impact
- KPI Analysis: CO, Footprint & Energy Modeling
- Life Cycle Assessment (LCA)
Phase 1: Economic Impact Analysis:

- Cost-Benefit Analysis (CBA)
- Data Envelopment Analysis (DEA)
=
Impact Assessments of _ Input-Output (1-0) Analysis

DT Governance on SDGs

Progress Social Impact Analysis:
- KPI Analysis: Digital literacy & accessibility
- Geospatial & demographic analysis for digital accessibility
- Public perception & adoption analysis (surveys & focus

groups)
g

- Policy mapping & legal benchmarking analysis

Phase2: - Legal & compliance gap analysis

- SWOT analysis of existing regulations
o - Network & stakeholder analysis
Multi-Criteria Decision Analysis for policy trade-offs
Case Study analysis to identify Best Practices
- Panel data regression & econometric modelling
- Cross-country comparative analysis

Policy & Regulatory
Analysis

4

System Dynamics Modeling & Simulation
Phase 3: - Scenario Planning & Trend Analysis
- Agent-Based Modeling & System Dynamics
= _ Cross-Impact Analysis & Multi-Criteria Decision Analysis
Scenario Analysis & - Predictive Modeling for policy impact assessment
Policy Simulation - Decision Modeling of interactions among competing
policies

FIGURE 10

Framework for future research directions, with corresponding analytical methods and policy implications, to address existing knowledge gaps. DT:

Digital Transformation; SDG: Sustainable Development Goal.

Policy Implications

4

Developing DT policies supporting environmental SDGs:
- Green Al & sustainable data center regulations

- E-waste & circular economy digital policies

- Blockchain for carbon credit & transparency

Formulating DT policies supporting economic SDGs:
- DT taxation & fair revenue distribution policies

- DT inclusion & equitable access regulations

- DT trade & cross-border data governance policies

Establishing DT policies supporting social SDGs:
- Digital rights & data privacy protection policies
- Ethical Al & algorithmic fairness regulations

Outcome

4
Phase 4:

Integrated DT
Governance in support of
the SDGs

Synthesize inputs from
environmental,
economic, social, & policy
dimensions

- Formulate DT policies &
guidelines inspired from
best practices aligned
with SDGs.

- Digital inclusion & accessibility policies

Develop a roadmap for
sustainable DT tailored to
regional & global contexts
g ¢
Phase 5:

DT policies resulting from policy & regulatory analysis:

- Standardized global Al & data governance regulations
- Strengthened digital market & competition regulations

- Strengthened cybersecurity & digital infrastructure protection
laws

Validation of DT
Governance &
Refinement through
Feedback Mechanisms

Real-time monitoring of
SDGs indicators to inform
governance

Stakeholder feedback
through platforms for
input on policies

- Policy updates based on
data & feedback for
adaptive governance

DT policies from scenario analysis & policy simulation:

Adaptive Al governance & risk-based regulation

Dynamic cybersecurity & digital resilience regulations

- Blockchain-based digital identity & cross-border data
governance policies

interconnected cycle that underpins sustainable development through
DT governance.

4 Conclusion

This systematic mapping and structured qualitative evidence synthe-
sis explored past efforts examining how DT governance shapes progress
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across the environmental, social, and economic dimensions of the UN
SDGs. While DT exhibits substantial potential to support sustainability,
the findings consistently demonstrate that positive outcomes are contin-
gent on governance quality, institutional capacity, and contextual fit
rather than on technological adoption alone. Robust, ethical, and inclu-
sive governance—supported by coherent policies at organizational,
national, and international levels—emerges as a critical condition for
aligning digitalization with long-term sustainability objectives. By syn-
thesizing a fragmented and multidisciplinary literature, this study
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advances an evidence-informed, inductively derived governance frame-
work that links DT governance mechanisms to SDG outcomes across
governance scales, explicitly accounting for contextual variability, insti-
tutional constraints, and implementation trade-offs. Rather than propos-
ing a prescriptive model, the framework provides an analytical lens for
understanding how governance arrangements condition sustainability
impacts, particularly in low- and middle-income countries where capac-
ity limitations are most pronounced. The quality appraisal indicates that
the strength of policy-relevant insights varies across the evidence base.
Empirically grounded and mixed-methods studies provide more robust
support for governance conditions associated with positive SDG out-
comes, whereas more optimistic or solution-oriented claims are dispro-
portionately drawn from exploratory, conceptually oriented, or
lower-quality studies. Accordingly, the policy implications advanced in
this review are framed as conditional and adaptive, and interpreted as
indicative rather than conclusive, emphasizing governance functions,
monitoring, and institutional fit over the direct transfer of best-practice
models, and underscoring the need for context-sensitive policymaking
and further empirical validation before applying governance approaches
across diverse institutional and socio-economic settings. Building on
these insights, the analysis identifies several priority knowledge gaps,
including the need for standardized sustainability metrics, stronger inte-
gration of ethical and equity considerations into DT governance, deeper
empirical examination of long-term SDG impacts, and broader inclusion
of critical governance perspectives that challenge technology-forward
narratives. Addressing these gaps will require interdisciplinary, mixed-
methods, and longitudinal research designs, alongside greater inclusion
of diverse regional and socio-economic contexts and empirical validation
through comparative case studies and real-world data. Finally, while
restricting the analysis to peer-reviewed open-access literature enhances
transparency and accessibility, it may also reinforce dominant policy nar-
ratives and contribute to the observed positivity bias, underscoring that
reported sustainability benefits depend on governance capacity and
socio-economic context, rather than representing universally generaliz-
able outcomes. Future efforts could strengthen the evidence base by
incorporating subscription-based scholarship, legal analyses, and policy
reports to enable a more comprehensive and critical assessment of DT
governance for sustainable development. The proposed framework thus
provides a foundation for future research aimed at advancing ethical,
inclusive, and resilient DT governance aligned with the SDGs, while rec-
ognizing that the rapid evolution of digital technologies, combined with
regional, cultural, and disciplinary diversity, continues to challenge the
development of cohesive and generalizable governance models.
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