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Abstract
A growing body of research currently explores twin transformation (TT), defined 
as the integrated and simultaneous pursuit of sustainability transformation (ST) and 
digital transformation (DT), in various types of companies. However, the current 
understanding of how high-reliability organizations (HROs), typically known for 
exceptional reliability in error-prone operations, address these challenges is limited. 
Although HROs, especially in high-impact sectors like energy and transportation, 
are under increasing pressure to reduce emissions and embrace digital innovation, 
only a few studies address the dual challenge of balancing and managing digital 
and sustainability transformations simultaneously in HROs. To bridge this gap, this 
study conducts a systematic literature review to synthesize existing work. We iden-
tify the antecedents, enablers, and outcomes of these transformations and derive an 
HRO-specific framework that integrates digital transformation, sustainability trans-
formation, and their synergistic integration. To broaden the applicability, we com-
pare this framework with established, non-context-specific frameworks. Our results 
highlight that many enablers are shared by both transformations, suggesting that a 
synchronized and coordinated sustainability and digitalization strategy can improve 
efficiency and coherence in achieving transformational goals in HROs. This study 
makes three contributions: (1) it integrates previously siloed research on DT and ST 
into a systematic understanding of TT within HROs, (b) developing a novel con-
ceptual framework that balances transformation imperatives with reliability, and (c) 
providing evidence-based guidance for TT implementation in safety–critical sectors 
such as energy, aviation, and healthcare.
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1  Introduction

The growing pressures of contemporary digitalization and sustainability are reshap-
ing strategic and operational landscapes for organizations across all sectors (Bjerkan 
& Ryghaug 2021; Damman & Steen 2021; He et al. 2024). Organizations increas-
ingly face the dual challenge of adapting to rapid technological advances while 
meeting heightened expectations for environmental responsibility (Lindberg & Kam-
mermann 2021).

To respond to these pressures, organizations pursue two distinct but increasingly 
interlinked transformation types: Digital Transformation (DT) and Sustainability 
Transformation (ST). DT refers to the use of digital technologies to enhance opera-
tional efficiency, decision-making, and organizational agility (Delgosha et al. 2021; 
Kim et al. 2021; Ogrean & Herciu 2021; Vial 2019). In contrast, ST focuses on an 
'outside-in' perspective, integrating environmental, social, and governance (ESG) 
concerns to address pressing challenges and reorient business models towards ben-
efiting society as a whole (Bocken et al. 2014; Christmann et al. 2024; Dyllick & 
Muff 2016).

While each transformation has distinct antecedents, enablers and outcomes, their 
convergence as Twin Transformation (TT) has gained increasing attention (Christ-
mann et al. 2024; Crome et al. 2023; Graf-Drasch et al. 2023). TT refers to the inte-
grated process of aligning DT with sustainability to achieve operational efficiency, 
environmental responsibility, and organizational resilience (Schallmo & Jehle 2025).

The focus on TT is driven by rising attention towards how digital technologies 
support sustainability improvements (Chopra et al. 2024; Guandalini 2022; Kolb et 
al. 2023; Ortega-Gras et al. 2021). TT offers promising opportunities for building 
a sustainable economy and society (Cooke 2021; Lazzeretti et al. 2022; Sedita et 
al. 2022). However, adopting TT presents unique challenges and opportunities that 
remain underexplored, as recent reviews and empirical studies highlight persistent 
sectoral biases, inconsistent terminology, and a tendency to portray digital trans-
formation as the primary driver of sustainability rather than a bidirectional process 
(Hammerschmidt et al. 2025; Leipziger et al. 2025). Particularly, sectors like energy 
and transportation are significant contributors to greenhouse gas emissions and face 
the need to converge DT and ST while maintaining high standards of reliability and 
operational efficiency (European Environment Agency 2024; U.S. Environmental 
Protection Agency 2023). These organizations must navigate the transformations 
within competitive markets and achieve sustainability targets set by policymak-
ers (Crome et al. 2023; European Commission, 2022; Jabłoński & Jabłoński 2021; 
Manyika et al. 2021; Philp & Ulrich 2025; Poláková-Kersten et al. 2023). These 
sectors are not only central to digital and sustainability disruption but also exemplify 
High-Reliability Organizations (HROs).

HROs, defined as organizations in which errors are infrequent despite the inher-
ently error-prone nature of their operations (Roberts 1990a), operate in complex, 
high-risk environments where even minor errors can result in severe consequences 
(Poláková-Kersten et al. 2023; Weick 1987). In sectors such as healthcare (Carroll & 
Rudolph 2006; Sepetis et al. 2024), transport (Farrington-Darby et al. 2005), aviation 
(Powell-Dunford et al. 2017), and energy (Poláková-Kersten et al. 2023), these orga-
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nizations face exceptionally stringent safety requirements intensifying the challenge 
of aligning transformations with compliance while maintaining reliability. Their 
deeply ingrained cultures of safety and accountability often resist digital disruption 
or demand tailored approaches to embedding sustainability. Hence, HROs prioritize 
factors like reliability and risk in their strategies, making their approach fundamen-
tally distinct. This highlights transformation challenges, as HROs must balance trans-
formation initiatives with their need for exceptional safety and reliability (Navajas et 
al. 2013). For example, an airport consortium implemented a digital twin-based plat-
form to manage sustainable aviation fuel, enabling real-time data integration across 
stakeholders to reduce emissions while maintaining operational safety (Barbano et 
al. 2024).

Understanding how DT and ST coexist in HROs is critical, as TT offers a pathway 
to achieving digital and sustainability goals without compromising reliability.

Despite the potential benefits of integrating TT and the existence of real-word 
examples demonstrating its advantages, these approaches are often isolated (Crome 
et al. 2023; Schallmo et al. 2022; Schallmo & Tidd 2021). While significant research 
has explored DT and ST individually (e.g. Jabłoński & Jabłoński 2021; Waring et 
al. 2023), existing work remains either siloed or cross-sectoral, without providing a 
systematic account of TT tailored to the distinctive conditions of HROs. Despite TT 
gaining increasing attention in academic research (Burinskienė & Nalivaikė, 2024; 
Christmann et al. 2024; Ogrean & Herciu 2021; Ortega-Gras et al. 2021), the field 
remains fragmented, with limited conceptual integration and sector-specific theoriza-
tion (Hammerschmidt et al. 2025; Leipziger et al. 2025).

According to Guandalini (2022), management literature still lacks integrative 
studies that guide companies in implementing TT, primarily due to the lack of over-
arching strategic studies and limited understanding of how DT and ST interact within 
specific organizations or stakeholder types. Furthermore, a comprehensive and prac-
tically relevant framework for TT in HROs is absent (Del Río Castro et al. 2021; 
Feng et al. 2022).

This leaves a critical research gap: while DT and ST have been studied extensively 
in isolation, their integration as TT in the distinctive setting of HROs remains poorly 
theorized and insufficiently synthesized. This study addresses this gap by system-
atically reviewing and synthesizing literature on DT, ST, and TT in the context of 
HROs. We develop an HRO-specific framework that identifies shared and distinct 
antecedents, enablers, and outcomes of these transformations while accounting for 
the unique requirements of error-prone, high-stakes environments. To enhance gen-
eralizability, we further compare this HRO-specific framework with established, non-
contextual frameworks, thereby distinguishing universal from context-dependent 
features of TT. As such, the study is guided by the research question: What are dis-
tinct and shared antecedents, enablers, and outcomes for digital and sustainability 
transformations and their integration as twin transformations in HROs?

In doing so, the study makes three contributions. First, it advances theoretical 
understanding by integrating previously siloed research on DT and ST into a system-
atic account of TT within HROs. Second, it develops a novel conceptual framework 
that highlights how HROs can balance transformation imperatives with their need for 
exceptional reliability. Third, it enriches managerial practice by providing evidence-
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based guidance for implementing TT in highly regulated, safety–critical sectors such 
as energy, aviation, and healthcare.

2  Theory and background

HROs excel in complex, high-risk environments, achieving exceptional reliability 
and proactively minimizing errors (Roberts 1990b; Rochlin 1996). They consistently 
avoid disasters under challenging and risky conditions (Rochlin 1996; Weick 1987). 
HROs are often risk-averse and unconventional because of their extraordinary opera-
tional requirements and focus on error prevention (Navajas et al. 2013). Their foun-
dational theoretical framework is rooted in principles of mindfulness and a persistent 
preoccupation with failure (Sutcliffe 2007), highlighting organizational learning pro-
cesses utilized to mitigate risk and maintain reliability over time.

To achieve consistent performance in high-risk, complex environments, HROs pri-
oritize operational efficiency, risk management, and resilience (Reason 1997). They 
constantly adapt and improve their systems and processes through rigorous planning 
and implementation strategies, ensuring that even minor changes do not have dis-
proportionate consequences (Dekker 2011; Sutcliffe 2011). This rigor is critical in 
their tightly coupled operational systems, where minor errors can lead to significant 
cascading effects. HROs also operate under rigorous regulatory frameworks due to 
the potential societal impact of their activities (Chassin & Loeb 2013; Schulman et al. 
2004). Adhering to legal requirements, industry standards, and regulatory guidelines 
is fundamental to their operations (Poláková-Kersten et al. 2023). Additionally, risk 
management is a vital component of HRO culture. Adopting new technologies or 
practices requires comprehensive risk assessments to address potential hazards and 
ensure safe implementation (Weick 1987).

DT aims to improve an organization by triggering significant changes to its prop-
erties through combinations of information, computing, and communication using 
digital technologies (Vial 2019). For HROs, DT involves adopting new technolo-
gies and fundamentally changing organizational structures (Poláková-Kersten et al. 
2023). Digital technologies such as AI, internet of things (IoT), and big data offer 
opportunities to enhance resource efficiency and operational control. However, they 
also introduce challenges in integrating these advanced technologies into safety–crit-
ical operations (Jabłoński & Jabłoński 2021). DT necessitates modelling new risk-
minded behaviors and leadership approaches (Singh et al. 2020). Furthermore, HROs 
must reconcile the need for rapid solution delivery, autonomy, trust, and the tolerance 
of failure to embrace digital innovation (Demirkan et al. 2016).

ST aligns organizational practices with ecological, social, and economic dimen-
sions to enhance resource efficiency, social responsibility, and long-term value cre-
ation (Ortega-Gras et al. 2021). HROs, as significant contributors to the climate crisis 
through greenhouse gas emissions, face heightened scrutiny to adopt sustainability-
focused strategies (Chen & Zhang 2025; Crome et al. 2023). These strategies often 
require significant organizational shifts, including redesigning operational processes, 
fostering stakeholder collaboration, and embedding sustainability into the corporate 
culture (Bosman et al. 2018). However, the inherent risk aversion of HROs and focus 
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on operational stability can function as barriers to meaningful progress in ST (Bjer-
kan & Ryghaug 2021).

TT refers to the integrated process of aligning DT with sustainability to achieve 
operational efficiency, environmental responsibility, and organizational resilience 
(Schallmo & Jehle 2025) and can be understood as the simultaneous and recipro-
cally reinforcing transformation of digital and sustainable processes within organi-
zations, strategically implemented to drive innovation, efficiency, and competitive 
advantage (Hammerschmidt et al. 2025). Consequently, TT should be understood as 
more than the sum of DT and ST. TT represents more than the coexistence of DT and 
ST, as it constitutes a distinct construct with its own dynamics. Adequately managed 
digital technologies can enhance resource efficiency, circularity, and climate neutral-
ity, thereby supporting sustainability goals (Delgosha et al. 2021; Kim et al. 2021; 
Ogrean & Herciu 2021). TT can unlock unforeseen connections and secure competi-
tive advantages (Crome et al. 2023), as it integrates DT’s focus on efficiency and agil-
ity (Vial 2019) with ST’s emphasis on responsibility, resilience, and long-term value 
creation (Bocken et al. 2014; Dyllick & Muff 2016). Rather than running in parallel, 
TT requires orchestrating these divergent logics into a coherent strategy. Recent stud-
ies underline that TT involves unique dynamics, often marked by asymmetry, since 
DT is frequently perceived as enabling ST, while the reverse is less evident. The 
essence of TT lies in recognizing and cultivating this mutual interdependence (Ham-
merschmidt et al. 2025; Leipziger et al. 2025).

This framing positions TT as a distinct organizational phenomenon that can be bet-
ter understood by synthesizing insights from DT and ST literature, while highlighting 
the need for integrative perspectives that go beyond each domain in isolation.

TT in HROs involves adopting strategies that simultaneously address DT and ST 
challenges. This comprehensive approach can guide HROs in navigating the com-
plexities of both transformations, ensuring they remain resilient and efficient while 
contributing to broader sustainability goals.

HROs encounter specific challenges when implementing change, especially in the 
context of TT. The demand for near-zero operational defects requires a high level of 
care and thoroughness in implementing change (Riley 2009). Unlike organizations 
with greater operational flexibility, HROs must navigate transformation in a way 
that maintains their high-reliability standards while adopting innovative practices 
(Cantu et al. 2021). This necessitates the development of specialized frameworks that 
address their specific operational requirements, risk profiles, and cultural characteris-
tics. These frameworks must balance the objectives of DT and ST while maintaining 
the stability required in high-reliability contexts.

3  Methodology

To address the research question, we conducted a systematic literature review (SLR), 
facilitating a comprehensive examination of the intersection between DT and ST. Our 
SLR enabled the identification of patterns and connections among various empiri-
cal findings, playing a crucial role in a post-hoc theorization of previous literature 
(Frank & Hatak 2014; Kraus et al. 2020, 2022). This methodological choice was 
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validated by the substantial yet fragmented body of research on TT, necessitating a 
conceptual integration as a foundation for further research and evidence-based man-
agement (Kraus et al. 2024). This approach ensured objectivity and reproducibility 
by following the structured methodology proposed by Tranfield et al., (2003), which 
has become a quasi-standard for SLRs in the past decade (Breslin et al. 2020). By 
following a specific methodology with literature as data, searching, selecting, and 
synthesizing relevant literature was conducted in a transparent and replicable man-
ner, thereby minimizing bias and subjectivity (Kraus et al. 2022).

The methodology employed in this review followed a two-step approach, ensur-
ing rigor and transparency throughout the process. The two consecutive steps are: 
(1) systematic data collection involving meticulous planning, defining the research 
question, setting criteria, and systematically searching databases; and (2) data analy-
sis and synthesizing focus on identifying key themes, patterns, and connections to 
present findings coherently and comprehensively (Tranfield et al. 2003). The review 
identified distinct and shared organizational antecedents and enablers regarding TT 
by systematically sampling, analyzing, and structuring literature from domains of DT 
and ST from the perspective of HROs.

3.1  Data sampling

For this study, we systematically collected data using two primary databases: 
EBSCOhost Business Source Ultimate and the Web of Science Core Collection. We 
chose these databases because they are recommended sources for entrepreneurship 
research, as noted by Kraus et al. (2020) and had necessary access. These comprehen-
sive databases ensured a robust foundation for the literature review. Recognizing that 
different terms are often used synonymously in entrepreneurship research, educa-
tional literature was utilized to uncover interdependencies between keywords (Kraus 
et al. 2020). To maintain methodological rigor, we restricted our analysis to busi-
ness- and management-related articles from journals indexed in the Social Science 
Citation Index (SSCI) (Gernsheimer et al. 2021). Additionally, we utilized the journal 
ranking conversion table by Bouncken et al. (2015) and Kraus et al. (2020) that have 
been commonly used in earlier systematic reviews (Antonio & Kanbach 2023; Gern-
sheimer et al. 2021) and applied two quality thresholds by including only academic 
journals that contain an Impact Factor of ≥ 1.5, according to Thomson Reuters’ Jour-
nal Citation Reports (JCR 2025), and those rated ≥ 2 in the Academic Journal Guide 
(ABS/AJG 2024). Figure 1 outlines the selection process.

This approach informed the creation of two specific search strings designed to 
target the relevant research areas. The search strings included titles, keywords, and 
abstracts, incorporating relevant synonyms and covers the period from the year 2000 
to mid 2025 to capture the breadth of the field (Fig. 1). The keywords and search 
strings were discussed with experts from theoretical (academia) and practical (indus-
try) backgrounds. The industry experts represented core HRO sectors such as energy, 
aviation, healthcare, and transport. Their role was limited to validating keyword 
coverage and ensuring all relevant domains were captured, rather than influencing 
inclusion or exclusion decisions. In addition, the search terms were cross-checked 
against educational and grey literature to ensure accuracy and consistency (Kraus et 
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Fig. 1   Systematic literature review – research protocol, source: authors’ own work
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al. 2020). The last search occurred at the end of September 2025 and returned 4841 
matching results for the DT sample and 953 for the ST sample. Following this pro-
cess reduced the final sample to 63 DT articles and 19 ST articles. This significant 
difference from the initial results can be attributed to the broad and comprehensive 
search terms utilized, which ensured that no potentially relevant literature was over-
looked. Consequently, extensive manual cleaning of the literature database was nec-
essary afterwards.

To ensure comprehensiveness, a forward and backward search, recommended by 
Vom Brocke et al. (2009) and Webster and Watson (2002), was applied. Reference 
lists from the identified articles and relevant literature reviews related to DT and 
ST in HROs were manually scanned to include additional pertinent articles. This 
resulted in two additional articles. Multiple sampling steps were employed to ensure 
a relevant and current sample, including seminal papers on each concept and their 
interconnections.

The final sample was reviewed with fellow researchers, as suggested by Webster 
and Watson (2002), and during conference submissions to ensure its comprehensive-
ness and suitability for building a conceptual framework. This rigorous sampling 
process ensured that the SLR extended beyond summarizing relevant scientific evi-
dence, aiming to extend existing theories and provide a solid foundation for under-
standing TT in HROs.

Although previous literature reviews have offered important insights into either 
DT or ST on their own, a combined look at TT, especially within HROs, has not been 
explored. Earlier reviews frequently analyze DT and ST in isolation or touch upon 
how they interact without providing a structured conceptual framework merging 
these ideas (George et al. 2021; Guandalini 2022; Vial 2019). Furthermore, no exist-
ing literature review provides a specific TT framework grounded in high-reliability 
settings. To clearly show where this study fits in, Table 1 compares with a selective 
but representative set of prior literature reviews. These reviews were chosen based 
on their citation impact, recency, and conceptual relevance, thereby illustrating what 
makes this work distinct.

3.2  Data analysis

To conduct a detailed content analysis of the data samples, an inductive concept 
development method outlined by Gioia et al., (2013) was employed using MAXQDA 
software. This involved clustering text segments from all articles into meaningful 
concepts, themes, and aggregate dimensions. In total, we identified 1441 text pas-
sages, with 82 articles contributing to the first-order concepts. This pattern-inducing 
technique identified relevant categories and their interrelationships, continuously 
refined through an iterative process of comparing theory and data, as Glaser and 
Strauss (1967) suggested. This approach facilitated a thorough view of patterns and 
connections among the various empirical findings within a broader scope.

Utilizing an open coding approach, we synthesized the articles’ content, labelling 
notable concepts in the literature to uncover recurring themes, patterns, or ideas. This 
iterative process involved deriving first-order concepts by refining the emerging ele-
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ments, ensuring that the identified concepts were robust and accurately represented 
by the data.

Through continuous comparison and identification of inconsistencies or gaps, a 
total of 1,142 descriptive elements from Sample 1 (DT) and 299 from Sample 2 (ST) 
was derived. These descriptive elements, including duplicates, were consolidated 
into 122 first-order concepts. The first-order concepts were further aggregated into 
26 s-order themes based on their links and interactions, allowing for a more orga-
nized and less granular categorization.

Table 1  Comparison with selected existing Literature Reviews on DT, ST, or TT
References Type of 

Transformation
Findings Limitations Our Distinction

Morioka and 
de Carvalho 
(2016)

ST Systematic review on 
sustainability perfor-
mance integration; 
proposes operational-
tactical-strategic 
framework

No DT or TT 
focus; no HROs; 
lacks DT-ST 
integration

Provides a useful 
structure for sustain-
ability performance, 
but our research inte-
grates both dimensions 
and targets industry-
specific context

Vial (2019) DT Drivers, processes, 
moderators, outcomes 
of DT

No TT or ST focus, 
no HROs, no qual-
ity assessment

Provides foundational 
DT structure, but lacks 
TT integration and 
context specificity

Ortega-Gras 
et al. (2021)

DT/ST Enablers and barriers 
for digitalization in 
circular economy

No TT terminol-
ogy, no concep-
tual framework, no 
HROs

Touches DT-ST link 
but lacks TT theoriza-
tion, HRO focus, and 
conceptual integration

Guandalini 
(2022)

DT + ST Fragmentation of DT/
ST literature; overlap 
of concepts; concep-
tual integration

No structured 
synthesis, no theo-
retical framework, 
no HROs

Highlights need 
for TT research but 
lacks systematic 
synthesis, theoretical 
depth, and empirical 
contextualization

Philp et al. 
(2025)

TT Systematic review 
explicitly on TT; 
identifies five major 
future research areas 
(industry, politics, 
sustainability, busi-
ness, environmental 
impact)

Search String 
limits sample to 
TT but lacks the 
intersection of DT 
and ST; no focus 
on HROs; does not 
explore sector-spe-
cific application

Broadens TT theo-
rization and sectoral 
focus; our work 
adds TT integra-
tion in HRO; HRO 
framework

Ahrens and 
Heubeck 
(2025)

TT Identifies leadership, 
human capital, and 
governance as key en-
ablers of TT through 
review of 48 studies

Smaller sample; no 
theoretical model 
for HROs or analy-
sis of safety–criti-
cal organizational 
contexts

Our framework en-
riches the understand-
ing of enablers and 
differentiates between 
shared and distinct 
factors

Our research TT First systematic TT 
review with focus on 
HROs; integrates DT 
& ST into a compre-
hensive framework; 
extends it beyond 
HROs

Systematic review 
of academic 
literature without 
primary data 
collection

Fills a gap by provid-
ing the first integrated 
TT framework tailored 
to HROs with poten-
tial generalizability
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The second-order themes were then abstracted to derive 10 aggregate dimensions. 
This abstraction process aided in simplifying the data and highlighting the broader 
themes that emerged from the literature. The resulting aggregate dimensions pro-
vided a higher-level understanding of the distinct and shared enablers of both trans-
formations (Fig. 2).

The subsequent analysis and synthesis of the examined literature focused on con-
cepts instead of authors, adopting a nonchronological approach. This focus allowed 
for the derivation of a conceptual framework, presenting a novel contribution to the 
field. The analysis was accompanied by explanatory figures that complemented the 
supplementary material, ensuring a balanced representation of breadth and depth, as 
recommended by Webster and Watson (2002), Fisch and Block (2018) and Kraus et 
al. (2020).

The inductive concept development and pattern-inducing techniques employed in 
this study facilitated the identification and synthesis of major themes and dimensions 
within the literature on TT in HROs (Alavi & Leidner 2001). This methodologi-
cal rigor ensured that the resulting conceptual framework was comprehensive and 
insightful, providing a solid foundation for future research and practical applications.

Fig. 2   Distribution of selected publications per year for DT and ST in HROs, source: authors’ own 
work
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3.3  Descriptive sample overview

The final samples comprised of 63 publications on DT and 19 on ST, revealing dis-
tinct patterns and similarities. These articles were published in 27 journals for DT 
and 11 journals for ST, reflecting a broad yet concentrated scholarly interest in these 
fields.

3.3.1  DT sample

In the DT sample of 63 publications, we observed a peak in scholarly interest in 
DT within HROs in 2023, when 24 publications, representing 38% of the total DT 
sample, were published (Fig. 2). Additionally, we found that 17% (11 publications) 
of the DT sample were published in the journal Technovation, followed by 11% (7 
publications) in Technological Forecasting and Social Change.

The methodological approaches in the DT sample were qualitative, with 49% of the 
empirical studies (31 publications) employing methods such as surveys, interviews, 
company-provided documents, and field observations. Quantitative approaches, 
including regression analysis and t-tests, were utilized in 33% of the studies (21 pub-
lications). Additionally, 14% of the studies adopted mixed methods (9 publications), 
combining mathematical models with interview-based validation, while one study 
followed a theoretical legal analysis approach. This diverse methodological land-
scape underscores the complexity of researching DT in system-relevant sectors.

The industry focus of the DT publications was notably leaning towards healthcare, 
accounting for 59% of the articles (37 publications), followed by the energy and utili-
ties sector, which comprised 32% (20 publications). This focus reflects the critical 
importance of DT in enhancing operational reliability and efficiency in these indus-
tries. Furthermore, almost half of the DT sample (44%) consisted of case studies (28 
publications), highlighting the practical and applied nature of the research.

3.3.2  ST sample

In the ST sample, the highest number of publications on ST in HROs occurred in 
2021, with seven articles (37%) indicating a significant focus on sustainability issues. 
Additionally, 21% (4 publications) of the articles were published in Sustainability, 
followed by 16% (3 publications) in the journal Energy Policy. Like the DT studies, 
the ST research adopted qualitative approaches, with 90% (17 publications) of the 
empirical studies utilizing surveys, interviews, company documents, and field obser-
vations. Only a small fraction (11%, 2 publication) employed quantitative or mixed 
methods, combining quantitative models with qualitative validation. The industry 
distribution for ST publications showed a strong focus on the energy and utilities sec-
tor, which accounted for 68% of the articles (13 publications), followed by the trans-
portation sector at 16% (3 publications). This emphasis reflects the pressing need for 
sustainable practices in energy-intensive and transport-related industries. As with the 
DT sample, most ST studies (58%, 11 publications) were case studies, indicating a 
strong orientation towards practical implementation and analysis of sustainable prac-
tices in high-reliability settings.
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4  Findings

4.1  Digital transformation

4.1.1  Distinct antecedents of DT driven by regulatory and market forces

Providing certainty and managing complexity through regulation is the first anteced-
ent for HROs engaging in DT. Regulation offers certainty and manages the complex-
ity of adopting new technologies. Regulatory frameworks and government policies 
force HROs to engage in DT, ensuring compliance, enhancing operational stan-
dards, and addressing issues like data security and environmental aspects. Govern-
ment regulations can enforce digital innovation by mandating specific technological 
implementations and compliance standards. For instance, regulatory measures often 
require HROs to integrate digital solutions to meet environmental and operational 
standards, driving DT (Ghosh et al. 2023; Y. Liu & Song 2023). This regulatory push 
provides a structured framework, reducing the uncertainty that often accompanies 
technological change. The influence of regulation is evident in multiple HROs. For 
example, the Affordable Care Act (ACA) mandated electronic health records (EHRs) 
in healthcare, forcing HROs to standardize processes and adopt new technologies 
(Ghosh et al. 2023). This regulatory compulsion ensures HROs align their operations 
with broader policy goals, accelerating DT. Government measures also target carbon 
emissions, compelling HROs to adopt digital solutions as part of compliance strate-
gies. These measures, enacted by central and local governments, force HROs to tran-
sition towards sustainable practices through DT (F. Yu et al. 2023). The government 
provides institutional strength and policy assistance (F. Yu et al. 2023).

The regulatory landscape addresses complexity by providing clear guidelines and 
standards. For example, data security and privacy regulations significantly impact 
digital technology adoption, ensuring HROs prioritize protecting sensitive informa-
tion (Steinhauser et al. 2020). These regulations offer a framework to mitigate risks. 
HROs’ willingness to adopt digital strategies is influenced by the broader regula-
tory environment, including government incentives and support. Compliance with 
national policies and guidelines and regulatory funding catalyzes DT efforts in the 
public and private sectors (Biancone et al. 2023). This regulatory certainty helps 
HROs navigate technological adoption complexities, providing a clear path forward.

Building trust through transparent digital solutions is the second antecedent of DT. 
Addressing technology anxiety, usability barriers, and the overall customer experi-
ence to ensure that users embrace digital innovations is another vital enabler for 
DT. Technology anxiety can significantly hinder the adoption of new digital tools 
and systems, as users may feel intimidated or unsure about using them effectively 
(Biancone et al. 2023). It is essential to develop user-friendly technologies that mini-
mize complexity and are intuitive. Usability barriers further complicate the adop-
tion process. Users often encounter difficulties with the usability and interactivity of 
digital applications, which can deter them from fully engaging with new technolo-
gies. Key issues include difficulty accessing information, complex interfaces, and 
confusing navigation, all contributing to a negative user experience (Iyanna et al. 
2022). Enhancing the usability of digital tools by simplifying interfaces and ensuring 
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that information is easily accessible can significantly improve customer acceptance. 
HROs must prioritize user-centered design principles to foster customer acceptance. 
Conducting thorough usability testing and involving users in the development pro-
cess helps identify and address potential pain points (Iyanna et al. 2022). By creating 
digital solutions tailored to user’s needs and preferences, HROs can reduce resistance 
and increase the likelihood of adoption.

Effective communication and education are vital to building trust through trans-
parent digital solutions. Clear instructions, tutorials, and support can help users feel 
more confident using new technologies (Iyanna et al. 2022). This confidence, in turn, 
can reduce technology anxiety and encourage users to engage with digital tools. Fur-
thermore, highlighting DT’s benefits and potential positive impacts can help shift 
perceptions and build a more favorable attitude towards adoption. For instance, hos-
pitals implementing EHR systems use transparent digital solutions to build patient 
trust (Ghosh et al. 2023; Gnugesser et al. 2025). These systems provide patients 
with secure, real-time access to their medical records, ensuring data accuracy and 
enabling them to track their treatment progress. Transparency in data managing also 
assures patients that their sensitive information is protected, fostering confidence in 
the healthcare provider.

4.1.2  Organizational resilience as distinct enabler of DT

Developing digital business models adapted to high-stakes environments represents 
a distinctive enabling factor. Exploring and exploiting digital business models by 
enabling HROs to innovate, access new market opportunities, and enhance service 
offerings is key in DT. This involves leveraging digital technologies to explore new 
possibilities and exploit existing capabilities, ensuring a balanced approach to inno-
vation and operational efficiency. DT equips HROs with tools to access new markets, 
better understand target customers, and significantly improve new goods and ser-
vices development (YahiaMarzouk & Jin 2023). HROs can create innovative busi-
ness models that drive growth and competitiveness by utilizing DT. This utilization 
includes identifying and capitalizing on opportunities presented by digital technolo-
gies, transforming traditional business practices, and opening new revenue streams.

In the healthcare sector, for example, DT supports the creation of innovative 
business models that can revolutionize clinical practice and enhance patient care. 
Integrating digital technologies allows new ways of delivering medical services, 
promoting health, and improving healthcare systems' overall efficiency (Mejía-
Miranda et al. 2023). This transformation benefits patients and creates new revenue 
streams and business models for healthcare providers. HROs can solve the explo-
ration–exploitation paradox through diverse DT initiatives. This involves adopting 
a strategic approach that fosters exploring new digital opportunities and exploiting 
established capabilities (Gastaldi et al. 2018). As a result, HROs can ensure sustain-
able growth and competitiveness in an increasingly digital landscape. Exploring new 
digital business models requires a focus on innovation, adaptability, and continuous 
improvement. HROs should invest in digital skills development, foster a culture of 
innovation, and encourage cross-functional collaboration to identify and capitalize 
on new opportunities. Exploiting existing digital capabilities involves optimizing 
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current operations, leveraging data analytics for better decision-making, and enhanc-
ing customer experiences through personalized and efficient digital services.

4.1.3  People and culture as distinct enabler of DT

Enabling the workforce to adopt digital literacy and adapt to emerging digital roles 
represents another distinct enabler for DT (Kallmuenzer et al. 2024). Developing 
digital literacy fosters the necessary skills among employees and creates a continuous 
learning environment within HROs. To support DT, HROs must prioritize develop-
ing digital competencies and internal capabilities (Chwiłkowska-Kubala et al. 2023). 
This prioritization involves implementing comprehensive training programs that 
enhance digital skills across the workforce, ensuring employees can effectively use 
new digital tools and technologies. For instance, addressing data quality and ensur-
ing employees understand how to manage and utilize it properly is crucial for DT 
(Chwiłkowska-Kubala et al. 2023; Gizelis et al. 2023).

Moreover, hiring new employees with specialized digital skills helps bridge the 
gap between traditional practices and the demands of a digitally driven environment. 
Bringing in new talent with expertise in digital technologies ensures the organization 
has the technical expertise to develop and implement digital solutions (Latilla et al. 
2020). Ensuring all employees, regardless of age or prior experience, have access 
to training programs that enhance their digital literacy is essential. This effort helps 
overcome resistance to using new systems and tools (Alzghaibi 2023). Creating user-
friendly and accessible systems is also crucial in mitigating challenges related to 
digital literacy, ensuring broader acceptance and adoption of digital technologies 
(Mejía-Miranda et al. 2023).

Additionally, leveraging networks and intermediaries supports digital literacy ini-
tiatives by providing valuable resources and expertise. Collaborating with educational 
institutions, technology providers, and other stakeholders facilitates the development 
of accessible systems and tools that cater to diverse user groups, including those with 
limited prior experience with digital technologies (Mejía-Miranda et al. 2023). These 
partnerships enable HROs to build a supportive environment DT, enhancing overall 
operational efficiency.

4.2  Sustainability transformation

4.2.1  Distinct antecedents of sustainability transformation driven by regulatory and 
market forces

Meeting the demand for sustainable solutions without compromising reliability 
represents our framework’s first distinct antecedent for ST. Demand for sustainable 
products from customers compels HROs to adopt more sustainable practices and 
innovations to meet the evolving expectations of their customer base, thereby driving 
comprehensive sustainability initiatives (Bjerkan & Ryghaug 2021). Customers are 
increasingly aware of the environmental impact of their products and services. This 
heightened awareness influences their purchasing decisions, favoring companies that 
are committed to sustainability. For example, operators have observed that users 
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are now more conscious of their energy systems’ carbon and other environmental 
impacts, highlighting a growing preference for sustainable energy solutions (Tong 
et al. 2020). Steps towards sustainable development enhance operational efficiencies 
and contribute to increasing customer trust and loyalty. HROs prioritizing sustain-
ability is seen as more reliable and trustworthy, particularly those fulfilling their dis-
closure requirements as listed companies. This transparency in sustainability efforts 
builds stronger customer relationships, reinforcing their commitment to sustainable 
practices (Lorenc & Kustra 2021).

Moreover, co-creating long-term visions with stakeholders, including customers, 
is essential in shaping the future of sustainable technologies. By involving customers 
and other stakeholders in envisioning sustainable solutions such as energy production 
and storage, autonomous systems, and alternative fuels, HROs can align their inno-
vations with customer expectations and market trends (Bjerkan & Ryghaug 2021). 
This collaborative approach meets the current demand for sustainable products and 
anticipates future needs. Building strong networks with interested HROs, experts, 
and users is crucial for mobilizing collective action towards sustainability goals. 
These networks help foster a culture of sustainability, encouraging HROs to innovate 
and adopt sustainable practices in response to customer demand (Bjerkan & Ryghaug 
2021).

The second distinct antecedent is to enforce radical change through regulation and 
guarantee operational stability. Regulatory frameworks and policies play a crucial 
role in enforcing radical changes necessary for ST. These regulations push enter-
prises to adapt strategically and operationally to meet environmental standards and 
policy requirements, driving significant advancements in sustainable practices.

Enterprises must adapt to changes in the external environment and make strate-
gic modifications that comply with environmental policy requirements (F. Yu et al. 
2023). Conflicts between national-level regulations and local development priorities 
often present significant barriers, indicating the complex landscape that enterprises 
must navigate (Kirch Kirkegaard et al. 2021; Tong et al. 2020). Despite these chal-
lenges, the regulatory and policy frameworks, rather than technological innovations 
alone, often drive the implementation of critical sustainability initiatives, investments 
in renewable energy, and the adoption of energy efficiency technologies (Bortoleto 
et al. 2021).

Regulatory constraints can hinder the ability of enterprises to freely develop 
their business models, particularly concerning expansion, mergers, and the pursuit 
of alternative technologies (Lieberherr & Truffer 2015). Operators face difficulties 
implementing significant changes because of the time-consuming and often pro-
tracted process of project approval within the political regulatory system (Lieberherr 
& Truffer 2015). However, these regulations also allow enterprises to gain competi-
tive advantages through stricter environmental policies. For instance, various organi-
zations view sustainability transitions as viable business opportunities that enhance 
their competitive edge, leading to the mobilization for stricter regulations and greener 
policies (Bjerkan & Ryghaug 2021). Proactive environmental disclosure in response 
to governmental regulations can help HROs strive for government approval and align 
with environmental standards (Mosconi et al. 2022). Environmental regulations force 
enterprises to undertake green reforms and drive them to innovate to compensate for 
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environmental protection costs (Mosconi et al. 2022). Regulatory incentives have 
been instrumental in prompting companies to transition from traditional to more sus-
tainable business models (Ngar-yin Mah et al. 2017).

4.2.2  Strategy as distinct enabler for sustainability transformation

Fostering long-term thinking and systematic change in sustainability is the distinct 
enabler in strategy for our framework. This enabler focuses on fostering radical inno-
vations, restructuring organizational frameworks, and aligning leadership and talent 
with sustainability goals. ST necessitates significant structural changes within HROs. 
Technological advancements alone are insufficient; radical innovations often require 
broader structural changes (Damman & Steen 2021). For example, transitioning to 
renewable energy involves adopting new technologies and rebranding and redefin-
ing the organization’s mission and strategy, as seen in companies transforming their 
entire business model towards 100% renewable energy (Lindberg & Kammermann 
2021). Organizational restructuring plays a pivotal role in accelerating ST (Kirch 
Kirkegaard et al. 2021). This includes diversifying organizational functions, setting 
up dedicated transition teams, and creating specialized departments to support the 
transition process (Bosman et al. 2018). A change in leadership can also drive these 
transformations, bringing new perspectives and a renewed commitment to sustain-
ability (Lippolis et al. 2023). Radical transformation of the organizational structure 
can significantly enhance business orientation and prepare the organization for sus-
tainability-focused initiatives (Lippolis et al. 2023). This structural reorganization 
ensures that sustainability becomes a core aspect of the business strategy, rather than 
a peripheral concern. HROs that prioritize the development of strong R&D capa-
bilities can better grasp the developments in sustainability. These resource-based 
enterprises can effectively allocate green innovation resources, leading the way in 
sustainable innovation (Mosconi et al. 2022).

4.2.3  Organizational resilience as distinct enabler for sustainability transformation

Exploring for sustainability solutions without disrupting critical operations focuses 
on building networks, exchanging knowledge, and collaborating with external 
experts to foster environmental protection, sustainable development while running 
stable operations. For instance, a hospital implements an energy-efficient heating, 
ventilation, and air conditioning (HVAC) system in non-critical areas, such as admin-
istrative offices, to reduce energy consumption and carbon emissions. This phased 
approach allows the hospital to evaluate the feasibility of the solution while ensur-
ing that critical operations, such as patient care in surgical and intensive care units, 
remain unaffected by potential system downtime or performance issues (Del Regno 
et al. 2023).

HROs must actively seek knowledge and expertise from various sectors to drive 
sustainability initiatives. Engaging with experts from different fields allows HROs 
to gain diverse perspectives and innovative solutions for sustainable practices. For 
instance, forming strategic research alliances with universities and research centers 
facilitates the exchange of knowledge and strengthens the organization’s capacity 
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for sustainable (open) innovation (Lieberherr & Truffer 2015; Wang et al. 2023). ST 
requires engaging with political parties, companies, and institutions that share a simi-
lar agenda. Building new partnerships and reassessing ongoing collaborations ensure 
that HROs align their sustainability goals with broader societal and environmental 
objectives. By forming technology-specific advocacy coalitions, HROs can build a 
broader constituency behind specific sustainable technologies and drive collective 
action towards sustainability (Lindberg & Kammermann 2021). Developing sensing 
capabilities through networks is essential for identifying new sustainability oppor-
tunities and challenges. HROs must optimize stakeholder engagement, including 
startups, universities, research centers, communities, customers, suppliers, NGOs, 
and international organizations (Lippolis et al. 2023). These networks provide valu-
able insights and resources that enable HROs to adapt to changing environmental 
conditions and advance their sustainability goals. For example, orchestrating a wide 
range of users and actors to develop joint zero-emission concepts, demonstrating 
the importance of external collaboration in achieving sustainability targets (Bjerkan 
& Ryghaug 2021). Technology coalitions allow HROs to pool resources and exper-
tise to advance specific sustainable technologies. These coalitions create a support-
ive environment for innovation and facilitate the development and deployment of 
sustainable solutions. Strategic partnerships with academic institutions and research 
organizations further enhance the organization’s technological capabilities and con-
tribute to sustainability (Bosman et al. 2018).

4.2.4  People & culture as distinct enabler of sustainability transformation

Aligning the workforce towards sustainability means fostering a proactive mind-
set towards sustainable practices and ensuring that all stakeholders agree with the 
HROs sustainability goals. By creating a unified vision and encouraging collabora-
tive efforts, HROs can effectively drive ST (Bosman et al. 2018). The alignment 
of actors towards sustainable production, operations, and value chains with shared 
expectations of a green future is another fundamental aspect (Bjerkan & Ryghaug 
2021). Actors must prepare for a green future by reducing emissions and improving 
energy efficiency.

This alignment drives HROs to explore and implement sustainable solutions, ensur-
ing that all stakeholders are working towards common sustainability goals (Bjerkan 
& Ryghaug 2021). The adjustment of risk-averse behavior is particularly important 
in HROs. Operators may become risk-averse which can be negative for innovation 
(Lieberherr & Truffer 2015). Encouraging a culture that embraces calculated risks, 
and innovation is essential for ST. This involves reducing resistance to transition by 
creating an environment that supports and rewards sustainable initiatives.

4.3  Twin transformation

Following our systematic review of existing literature on DT and ST, we identified 
several shared antecedents and enablers essential for both transformation processes. 
As such, these have been incorporated into the TT domain.
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4.3.1  Shared antecedents of twin transformation driven by regulatory and market 
forces

Utilizing economic incentives is essential in enabling DT and ST, consequently serv-
ing in both transformations as a key antecedent for TT. By addressing cost-related 
barriers, leveraging financial resources and regulatory support, economic incentives 
facilitate the adoption of transformative practices across various organizational con-
texts. High costs associated with integrating new technologies present significant 
challenges, including infrastructure issues, technical support requirements, data regu-
lations, interoperability issues, and security concerns (Abi Saad et al. 2024). HROs 
with greater financial resources can more effectively overcome these challenges, 
benefiting from economies of scale that positively influence DT (Raimo et al. 2023). 
A shift in business models and mindsets is also fundamental to enhance financial 
performance and transform internal capabilities (Carroll & Maher 2023). However, 
some HROs overestimate the costs of digital technology adoption, perceiving them 
as prohibitively high and deterring them from replacing established practices (San-
tarsiero et al. 2022, 2023). The high cost of errors in HROs further deters experi-
mentation with new strategies lacking sufficient expertise (Ahmad et al. 2021). DT 
initiatives often require specific resources and expertise (F. Yu et al. 2023). It shows 
that financial constraints and lack of supportive legislation hinder the implementa-
tion of innovative practices (Q. Liu et al. 2021). However, access to central funds 
and governmental pressure can drive HROs to prioritize DT (Zhao & Canales 2021).

Economic incentives are equally critical in ST, even though as mentioned by 
Ardito et al., (2021), there is no evidence that combining digitalization and sustain-
ability benefits a firm’s performance. Increasing societal and governmental pressures, 
coupled with changes in leadership, create opportunities for a transition in manage-
ment processes (Bjerkan & Ryghaug 2021; Bosman et al. 2018). Actors in various 
HRO industries often weigh the risks and benefits of sustainability, with a common 
assumption that initiatives will not be pursued if they entail economic losses (Abi 
Saad et al. 2024). Tong et al., (2020) argues that the demand for sustainable services, 
while driven by environmental considerations, must also align with cost-effective-
ness to be viable. However, some organizations perceive sustainability as a competi-
tive advantage, advocating for stricter regulations and greener policies to enhance 
their market positions (Bjerkan & Ryghaug 2021). Reforms aimed at sustainabil-
ity frequently focus on cost-efficiency rather than radical innovation (Lieberherr & 
Truffer 2015) and in some instances, economic and industrial development ambitions 
drive sustainability initiatives rather than purely environmental motivations (Tan et 
al. 2021).

Overall, we observe that economic incentives are a pivotal antecedent for TT. 
Financial incentives and support structures can mitigate the high costs and perceived 
risks associated with DT and ST. By aligning economic benefits with transformative 
goals, HROs can overcome these challenges, leverage economies of scale, and inte-
grate new technologies and sustainable practices more effectively. This intersection 
of economic and strategic incentives underscores the critical role of economic factors 
in driving comprehensive transformations within HROs.
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Accelerating technological advancements improves operational efficiency and 
drives innovation, enabling HROs to achieve their transformative goals more rapidly 
and effectively. In DT, on the one hand advanced technologies like AI play a decisive 
role. They boost innovation potential, particularly in improving operational processes 
or forecasting demands contributing to a more efficient and innovative operational 
framework (Y. Liu & Song 2023; Lyu & Liu 2021). On the other hand, energy con-
sumption, especially for the development of AI, are becoming concerns (Kolb et al. 
2023). The training phase of AI models often considered the most energy-intensive, 
has been the focus of sustainability research recently (de Vries 2023). Resource-based 
enterprises highlight the importance of green innovation through digital technology, 
improving environmental efficiency (Mosconi et al. 2022). Efficient and connected 
information networks support information disclosure and provide resources for 
innovation. Digital technology enables HROs to realize green technology innova-
tion swiftly, with lower input costs, offsetting the costs of environmental regulations 
(Mosconi et al. 2022).

For ST, implementing innovative technologies is equally crucial. The OECD rec-
ommends combining technological, operational, and alternative energy measures to 
achieve sustainability goals (OECD 2019). HROs ambitiously adopt new technolo-
gies to enhance sustainability performance, such as electric charging systems, alter-
native fuels, and other green technologies (Bjerkan & Ryghaug 2021).

Combining these insights to form a cohesive antecedent, technology innovation 
emerges as a pivotal antecedent for TT. Advanced technologies facilitate DT and ST 
by fostering innovation capabilities, reducing costs, and improving operational effi-
ciency. This integration underscores the critical role of technological innovation in 
driving comprehensive and synergistic transformations within HROs.

Catalyzing green transformation through digital technologies provides a signifi-
cant entry point for HROs to enhance their green innovation abilities. These technol-
ogies promote the integration and efficient flow of green innovation resources (He et 
al. 2024; Y. Liu & Song 2023; Mosconi et al. 2022). The application of advanced dig-
ital solutions, such as Artificial Intelligence (AI), cloud computing, and other emerg-
ing technologies, significantly enhances organizational productivity and innovation 
efficiency, thereby facilitating green transformation (Ahmad et al. 2021; Roppelt et 
al. 2024; Schwaeke et al. 2025). The role of AI is noteworthy, as it supports various 
green initiatives such as optimizing energy storage, forecasting energy demands, and 
integrating renewable energy sources in utilities. These AI applications contribute 
to the growth of low-carbon electricity generation and have substantial long-term 
impacts on achieving sustainability goals (Ahmad et al. 2021). Digital solutions also 
empower HROs to optimize green production processes, reduce pollution control 
costs, and improve overall environmental efficiency (Mosconi et al. 2022).

The growth of digital technology is critical in driving the green and low-carbon 
transformation necessary to meet these targets. By leveraging technological power 
and innovative innovations, HROs can significantly enhance their sustainability 
efforts (Y. Liu & Song 2023; F. Yu et al. 2023). Digital advancements foster a condu-
cive environment for green technology innovation, which is fundamental to generat-
ing new technologies and improving existing processes. This, in turn, leads to more 
efficient and cost-effective solutions for environmental challenges. As HROs adopt 
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digital technologies, they are better positioned to innovate and implement sustainable 
practices that contribute to long-term environmental goals (Mosconi et al. 2022).

4.3.2  Strategy as shared enabler of twin transformation

Developing integrated risk-responsive strategies aligns organizational goals with 
transformative initiatives, ensuring safety, coherence and effectiveness in achieving 
digital and sustainability objectives. In DT, HROs need a coherent strategy that aligns 
business problems with appropriate digital technological initiatives. This requires 
setting concrete strategies, onboarding personnel with relevant skillsets, and orches-
trating efforts through a central team to ensure alignment with business needs and 
culture (Kokshagina 2021). Fostering interactions among top management, profes-
sionals, and technical teams is crucial for developing an effective knowledge strategy 
supporting digital initiatives (Manny et al. 2021; Zhao & Canales 2021). Digitali-
zation connects bottom-up technological innovation with top-down organizational, 
cultural, and systematic changes (Denicolai & Previtali 2023). This bridging func-
tion is essential for integrating technological advancements into the broader strategic 
framework, ensuring systematic alignment with organizational objectives.

For ST, strategic development involves embedding sustainability into the core 
business strategy. When strategy changes impact the entire business model, top man-
agement should assign a central role to sustainability, integrating it into all aspects 
of operations (Lippolis et al. 2023). Emphasizing the financial effects of operations 
and building positive stakeholder relations encourages enterprises to incorporate sus-
tainable development policies into their strategies (Lorenc & Kustra 2021). Strate-
gic alignment between sustainability goals and business objectives is essential for 
driving comprehensive transformation. Parallelizing these measures by developing 
a robust strategy is a pivotal enabler for TT. Strategy development for TT integrates 
top-down and bottom-up approaches, intersecting to influence transformation out-
comes (Poláková-Kersten et al. 2023). This dynamic strategy leverages innovation 
while aligning digital and sustainability initiatives with organizational goals and fos-
tering collaboration across all levels. A coherent strategy ensures DT and ST are 
effectively implemented, facilitating comprehensive and synergistic organizational 
change.

Successful strategy execution with phased implementation requires strategic 
alignment, dedicated management, stakeholder engagement, and a balance of top-
down and bottom-up approaches. Effective strategy execution necessitates that all 
organizational units fully commit to transformation initiatives. Without this com-
mitment, critical aspects of strategy implementation may falter, rendering senior 
management efforts ineffective (Poláková-Kersten et al. 2023). For DT leaders must 
possess a comprehensive understanding of the organization’s digital and sustainable 
needs to ensure overall alignment (Johansson et al. 2022). This alignment requires 
managers to foster exploration and exploitation within their teams, empowering 
them to innovate while ensuring efficient execution of strategic plans (Latilla et al. 
2020). The creation of dedicated departments or roles, such as strategy, Innovation, 
and Development, reporting directly to top leadership, can facilitate this process 
and ensure focused execution (Denicolai & Previtali 2023). However, the success 
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of digital strategies heavily depends on their adoption by end-users (Garcia-Perez et 
al. 2023). Balancing technological excellence with economic sustainability requires 
a mix of incremental and radical improvements, integrating top-down and bottom-up 
initiatives (Denicolai & Previtali 2023). In the context of ST, dedicated managers for 
environmental and energy issues are essential. Engaging stakeholders in the transi-
tion process is also crucial for successful execution (Damman & Steen 2021). Transi-
tion management processes need to be prepared in close cooperation with strategic 
departments, ensuring that strategic experimentation and reflexivity are integrated 
into the overall execution plan (Bosman et al. 2018). Sustainability transitions often 
require a dual strategy incorporating existing economic activities and new, innovative 
approaches. This involves system optimization, such as carbon capture and storage, 
alongside system innovation for sustainable, low-carbon production (Bosman et al. 
2018). Strategic execution in this context is about managing the unpredictable nature 
of transitions through continuous experimentation and adaptation. Overall, executing 
strategy is a pivotal enabler for both transformations. It involves ensuring strategic 
alignment, fostering dedicated management roles, engaging stakeholders, and bal-
ancing top-down and bottom-up initiatives. This comprehensive approach ensures 
that DT and ST are effectively implemented, aligning with organizational goals and 
driving systemic change.

4.3.3  Data & IT as shared enabler of twin transformation

Leveraging data analytics to align safety, efficiency, and sustainability is another piv-
otal TT enabler. Developing and integrating IT and technology capabilities ensures 
that HROs are well-equipped to manage and implement transformative initiatives 
effectively. For DT, HROs must develop enabling capabilities before executing a 
digital strategy. This preparation ensures maturity for sustaining the transformation 
(Oliveira et al. 2024). The process involves overcoming DT gaps by developing new 
processes, assets, and competencies (Pundziene et al. 2022). HROs must be aware of 
changes in external and internal environments and build digital capabilities in areas 
such as AI, Blockchain, and the IoT (Bhatti et al. 2021; Fernandez-Vidal et al. 2022; 
Spanò et al. 2023). Sustainable DT depends on developing digital skills and capa-
bilities and following their dynamic evolution (Akadiri et al. 2025; Hou et al. 2024). 
This includes hiring new employees, training the existing workforce, and ensuring 
management is equipped to manage new digital tools (Latilla et al. 2020; Ulrich et 
al. 2024; Zhao & Canales 2021). Structural IT capabilities, combined with dynamic 
capabilities (DCs), support the structural change in DT, encompassing technical IT 
integration and organizational and individual competencies (Ghosh et al. 2023). DCs 
are in this case critical for HROs to adapt to changing environments, innovate, and to 
maintain their competitive advantage (Eisenhardt & Martin 2000; Teece et al. 1997; 
Winter 2003). Emerging digital technologies like big data and cloud computing play 
a significant role in transforming sectors (Basile et al. 2024; Bhatti et al. 2021; Lyu & 
Liu 2021; Meske et al. 2021). HROs must view technology as a strategic investment 
rather than just a cost (Ghosh et al. 2023). Training programs for managing DT and 
operating new platforms are essential for improving employee efficiency and skill 
output (Giraldo et al. 2021; Y. Yu et al. 2024). Technology capabilities drive innova-
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tion, enhance efficiency, and integrate sustainable practices into business strategies, 
thus contributing to the overall sustainability goals and ensure that HROs remain 
competitive and effective in achieving long-term sustainability. Leveraging tech-
nology capabilities in ST involves incremental learning and experimentation with 
specific technologies. This "learning by doing" approach allows HROs to integrate 
new technologies gradually (Bjerkan & Ryghaug 2021). Establishing dedicated data 
departments and transition teams supports this integration (Bosman et al. 2018). 
Building technology-specific advocacy coalitions and networks is crucial for ST, sup-
porting the diffusion of knowledge and resources (Lindberg & Kammermann 2021). 
Collaboration with external research networks enhances technical IT-expertise and 
innovation capacity, facilitating the development of technical standards and sustain-
able solutions (Ngar-yin Mah et al. 2017). Essentially, leveraging IT and technology 
capabilities is a fundamental enabler for TT. HROs must develop and integrate a wide 
range of digital and technological competencies to manage and implement transfor-
mative initiatives effectively. For example, an airline uses data analytics to optimize 
flight paths, reducing fuel consumption and carbon emissions while ensuring strict 
compliance with air traffic safety regulations (Bailey et al. 2023). By integrating 
real-time weather data, air traffic conditions, and fuel efficiency metrics, the airline 
aligns operational goals with sustainability targets without compromising passenger 
safety. This comprehensive approach ensures that DT and ST are supported by robust 
technological foundations, driving innovation and operational efficiency.

Harmonizing and using data for proactive decision-making focuses on addressing 
data privacy, quality, and integration challenges to ensure that data-driven decision-
making processes can be effectively implemented across organizational contexts. 
Within DT, data protection is a significant concern. Trust in data sharing must be con-
sidered from technological and ethical perspectives, especially in highly regulated 
industries that must comply with stringent ethics, safety, and data privacy standards 
(Gizelis et al. 2023; Pundziene et al. 2022). Resistance to sharing sensitive data fur-
ther slows the adoption and diffusion of digital technologies (Santarsiero et al. 2023). 
Privacy and security are among the most pressing concerns, with issues such as data 
uncertainty and unreliable analysis posing significant challenges (Ahmad et al. 2021; 
Q. Liu et al. 2021). Data quality is another major factor impacting DT (Manny et al. 
2021). Many HROs struggle with the quality of their data, affecting the effective-
ness of data-driven operations (Tortorella et al. 2022). Integration challenges, such 
as the lack of standardized methods to collect data within and across departments or 
interoperability, can lead to efficiency losses and critical operational issues (Kok-
shagina 2021). Addressing these data quality and integration issues is essential for 
leveraging digital technologies effectively (Ghosh et al. 2023; Giraldo et al. 2021). 
Concurring in ST, data plays a pivotal role in designing efficient systems and driving 
green energy initiatives. For instance, building a global data governance system can 
reduce production costs and support the development of sustainable energy solu-
tions through big data analysis (Mosconi et al. 2022). Data-driven approaches enable 
HROs to optimize their business practices and achieve sustainability goals more effi-
ciently (Tong et al. 2020).

Combining insights from both contexts, harmonizing and using data becomes a 
foundational enabler for TT. HROs must harmonize data and establish robust data 
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governance frameworks that address privacy, security, quality, and integration chal-
lenges. By developing standardized methods for data collection and ensuring data 
integrity, HROs can enhance their decision-making processes and support DT and 
ST initiatives. For instance, a shipping company harmonizes data from vessels, 
weather forecasts, and port traffic systems into a centralized analytics platform. This 
integration enables proactive decision-making, such as optimizing routes to reduce 
fuel consumption, avoiding adverse weather to ensure crew and cargo safety, and 
minimizing emissions to meet sustainability targets (Kaklis et al. 2022). Furthermore, 
fostering a culture of trust and ethical data management is inevitable. HROs need to 
ensure that data sharing and usage comply with regulatory standards and build trust 
among stakeholders. This ethical approach to data management supports the broader 
goals of TT by aligning technological advancements with societal and environmental 
responsibilities.

4.3.4  Organizational resilience as shared enabler of twin transformation

Building innovation capabilities for risk-tolerant advances involves developing the 
necessary skills, structures, and processes to foster innovation, allowing HROs to 
respond effectively to evolving market demands and technological advancements 
while guaranteeing operational stability. For DT, developing innovation capabilities 
begins with assessing the maturity of digital tools and analyzing innovation capaci-
ties within different business areas (Giraldo et al. 2021). Implementing an innova-
tive co-creation approach by involving stakeholders in the design and development 
process to ensure the success of digital initiatives can be advantageous (Meske et al. 
2021). HROs must also focus on developing new business models that align with the 
digital strategy and customer needs, enhancing their ability to seize new opportuni-
ties (Giraldo et al. 2021). Fostering a culture of continuous learning and adaptation 
is vital. This includes training employees in new skills, integrating innovation capa-
bilities across the organization, and promoting an environment that supports experi-
mentation and risk-taking (Zhao & Canales 2021). HROs need to balance exploring 
new digital opportunities with exploiting existing capabilities, ensuring sustainable 
growth and competitiveness in the digital landscape (Gastaldi et al. 2018).

In the context of ST, innovation capabilities are equally central. HROs need to 
expand their business models to address new areas within the environmental field, 
such as ecosystem services and sustainable resource management (Lieberherr & 
Truffer 2015). Establishing dedicated innovation departments and integrating sus-
tainability into core business strategies are key steps in this process. These depart-
ments can focus on developing solutions to address climate change, enhance energy 
efficiency, and promote sustainable practices (Lieberherr & Truffer 2015). Collabora-
tion with external research institutes, universities, and industry partners is essential 
for strengthening technological expertise and innovation capacity (Ngar-yin Mah et 
al. 2017). By participating in long-term research and development networks, pub-
lic–private partnerships, and funded projects, HROs can stay at the forefront of tech-
nological advancements and sustainability practices (Damman & Steen 2021). An 
example of integrating innovation and sustainability is the creation of roles specifi-
cally focused on combining these elements within the organizational structure. For 
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instance, the introduction of an “innovability” function, which combines innovation 
and sustainability under direct leadership, ensures that both elements are strategically 
aligned and effectively managed (Lippolis et al. 2023). This approach fosters a holis-
tic view of innovation, embedding it within the organizational culture and aligning 
it with sustainability goals. Ultimately, building innovation capabilities is a central 
enabler for TT.

Establishing strategic agility to manage interdependencies between transforma-
tions involves enhancing the HROs capabilities to reconfiguring its structure and fos-
tering an environment that can rapidly adapt to changing circumstances. For DT, this 
involves developing structural IT capabilities that support the basic conditions for 
transformation and ensuring connectivity and interoperability across the organization 
(Kokshagina 2021). Reconfiguring processes to increase flexibility and agility in IT 
delivery and ensuring technical readiness and support (Garcia-Perez et al. 2023). In 
ST, DCs are vital for enabling HROs to implement radical innovations and struc-
tural changes for sustainable development (Damman & Steen 2021; Weiss & Kan-
bach 2021). Developing sensing capabilities within DCs is a key for strategic agility, 
allowing HROs to actively respond to environmental opportunities and threats. This 
includes leveraging collaborations with external partners, such as universities and 
research centers, to stay ahead of technological and market trends (Lieberherr & 
Truffer 2015). By continuously monitoring the external environment, HROs can 
identify new opportunities for digital and sustainable innovations to adjust their strat-
egies, accordingly, maintaining competitiveness in rapidly changing markets. HROs 
may need to transition from traditional to more flexible, business-oriented structures. 
For example, shifting from a divisional to a matrix model can better support sus-
tainability objectives (Lippolis et al. 2023). Additionally, fostering interdisciplinary 
knowledge within cross-functional teams builds resilience and supports integrating 
new technologies and sustainable practices. This adaptability is crucial for overcom-
ing traditional business model inertia and effectively responding to transformation 
pressures (P. Liu & Wu 2023).

Overall HROs must be able to quickly adjust their strategies to incorporate new 
digital technologies and sustainable practices. This includes developing new business 
models focused on efficiency and sustainability, ensuring that all parts of the organi-
zation are aligned with these strategic goals (Ghosh et al. 2023; Lippolis et al. 2023). 
By aligning strategic initiatives with operational capabilities, HROs can effectively 
implement transformative changes and achieve long-term sustainability and digital 
objectives. By ensuring strategic agility, HROs can effectively navigate the com-
plexities of DT and ST, aligning resources and processes to meet evolving demands. 
These capabilities allow HROs to reconfigure their resource allocation in response 
to unexpected circumstances, ensuring they can swiftly adapt to new challenges and 
opportunities (Ghosh et al. 2023; Y. Liu & Song 2023; YahiaMarzouk & Jin 2023).

Performing error-free while implementing digital and green solutions is a crucial 
requirement for HROs, ensuring they maintain high-reliability and safety standards 
while implementing digital and sustainable initiatives. This critical enabler involves 
managing inherent risks, fostering resilience, adaptability, and a culture of continuous 
improvement. The challenge of DT compels HROs to simultaneously meet economic 
objectives and fulfil their social responsibilities while maintaining error-free opera-
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tions. Building institutional resilience is essential for HROs, enabling them to manage 
unexpected events and maintain high performance levels effectively. As highlighted 
by Jabłoński & Jabłoński, (2021), resilience is a cornerstone of high-reliability, sup-
ported by fostering interdisciplinary knowledge within cross-functional teams and 
ensuring technical readiness and support. This interdisciplinary approach enhances 
the organization’s technical capabilities and promotes a holistic understanding of the 
challenges at hand, thus enabling more effective solutions (Garcia-Perez et al. 2023).

Moreover, HROs must be adept at sensing opportunities and threats in the exter-
nal environment. This involves closing the gap between core business activities and 
emerging digital opportunities, ensuring they can diversify and adapt to changing 
market conditions. By doing so, they can remain competitive and resilient in the 
face of external pressures (Fernandez-Vidal et al. 2022; Liu & Wu 2023). ST pres-
ents additional challenges for HROs, requiring them to build sustainable alternatives 
while phasing out unsustainable practices. This process demands radical innovations 
and comprehensive reconfiguration of existing systems and processes. For example, 
utilities must balance safety, security, and reliability with the need for innovation 
and cost reduction. This balance is essential to ensure that while they innovate and 
adopt new technologies, they do not compromise on safety and reliability (Bosman 
et al. 2018; Imperiale et al. 2023). In conclusion, the path to achieving error-free per-
formance during transformation for HROs is multifaceted, involving the integration 
of resilience, adaptability, and continuous improvement into their core operational 
frameworks. By fostering interdisciplinary knowledge, sensing external opportuni-
ties and threats, and embracing sustainable transformation, HROs can maintain high-
performance standards and achieve long-term success (Fig. 3).

4.3.5  People & culture as shared enabler of twin transformation

Promoting a mindset of systemic thinking where digital and sustainability goals are 
pursued cohesively includes developing new competencies, fostering an open mind-
set, and aligning organizational values within the HRO staff. DT requires develop-
ing new competencies and internal capabilities. This involves hiring new employees, 
enhancing skillsets, and providing continuous training to improve digital literacy 
among the workforce (Ghosh et al. 2023; Giraldo et al. 2021). Empowering employ-
ees as change agents is crucial, as they drive innovation and support the transfor-
mation process internally (Aerts et al. 2023). A shift in organizational mindset is 
necessary to overcome internal resistance that can derail transformation efforts. Fos-
tering a culture responsive to innovation and utilizing networks and intermediary 
organizations to facilitate change is essential (Denicolai & Previtali 2023).

Effective communication is critical to explaining the need for DT, creating a 
risk-agreeable space, and building employee trust. This accelerates the adoption of 
new technologies and practices (Carroll & Maher 2023). Enhancing digital literacy, 
providing the necessary technical support, and training can significantly boost an 
organization’s capacity to implement DT initiatives (Ahmad et al. 2021). Creating a 
dedicated transition unit within the organization can support the cultural shift towards 
ST. This unit can align actors towards sustainable production, operations, and value 
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chains, ensuring everyone within the organization shares the expectation of a green 
future (Bjerkan & Ryghaug 2021).

Changing the culture to embrace the organization’s new role in sustainability is 
vital for reducing resistance to transition and adjusting risk-averse behavior (Bosman 
et al. 2018). Hiring and developing employees with competencies in sustainability-
related fields, such as technology, business development, policy, regulation, and 
governance, ensures readiness to drive sustainable practices (Bosman et al. 2018; 
Correia & Frank 2025). These aspects are important for DT and ST and contribute to 
TT. Strengthening stakeholder interplay by engaging with political parties, compa-
nies, and institutions with similar agendas helps build a supportive network driving 

Fig. 3  Data structure – Twin Transformation, source: authors’ own work
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collective action towards TT. This includes fostering interdisciplinary knowledge, 
sensing external opportunities and threats, and embracing DT and ST to maintain 
high-performance standards (Garcia-Perez et al. 2023). Comprehensive training cov-
ering digital literacy and sustainability can enhance the organization’s overall capac-
ity to implement TT initiatives (Ahmad et al. 2021).

4.3.6  Outcomes of digital, sustainability and twin transformation

The outcomes of this framework for transformation are exemplary. DT individually 
can lead to several positive outcomes, including improved efficiency through stream-
lined processes, automation of tasks, and optimized workflows, which in turn enhance 
productivity and reduce operational costs (Ali Mohamad et al. 2023). Moreover, DT 
enables organizations to collect, analyze, and leverage vast amounts of data to gain 
insights into customer behavior, market trends, and internal operations, thereby sup-
porting informed decision-making. It encourages HROs to rethink their business 
models, often resulting in new revenue streams, value propositions, and enhanced 
market positioning (Lyu & Liu 2021). ST can return multifaceted outcomes, includ-

Fig. 3  (continued)
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ing regulatory compliance and effective risk management through adherence to sus-
tainability standards and regulations (Lieberherr & Truffer 2015).

Furthermore, proactive sustainability measures facilitate anticipating and pro-
actively addressing of emerging regulatory requirements. HROs prioritizing sus-
tainability cultivate trust with customers, investors, employees, and communities, 
highlighting their unwavering commitment to social and environmental responsibil-
ity (Tong et al. 2020). This endorsed trust enhances reputation and fosters benefi-
cial relationships. Moreover, ST holds the potential to generate substantial long-term 
value by aligning business strategies with the imperatives of sustainable develop-
ment. HROs that seamlessly integrate environmental and social considerations into 
their core business strategies are strategically positioned for enduring success and 
resilience in the face of evolving challenges. This can include competitive advantages 
within the scope of TT by embracing both transformations simultaneously. HROs 
that proactively address sustainability concerns and leverage digital technologies to 
drive efficiency and innovation are better positioned to adapt to evolving market 
demands and differentiate themselves. Both transformations, when approached com-
bined, foster innovation. HROs that proactively address sustainability concerns and 
leverage digital technologies to drive efficiency and innovation are better positioned 
to adapt to evolving regulatory and market demands (Bjerkan & Ryghaug 2021). 
Streamlining processes and workflows through automation, data-driven decision-
making, and real-time monitoring can improve operational efficiency. When coupled 
with sustainability goals, this can lead to more efficient resource allocation, reduced 
energy consumption, and lower carbon emissions (Mosconi et al. 2022).

4.4  Conceptual framework on DT, ST, and TT for HROs

Using the data structure of the DT and ST samples, we developed a conceptual frame-
work (Fig. 4) that categorizes the distinct (DT/ST) and the shared (TT) antecedents 
and enablers for each transformation type based on key comparison categories. This 
framework also outlines potential outcomes specific to each transformation. Shared 
antecedents and enablers, identified across data samples, are essential for TT, whereas 
distinct antecedents and enablers are required solely for DT or ST.

Various categories, such as strategy, data and IT, organizational resilience, or peo-
ple and culture have been identified (e.g. Chwiłkowska-Kubala et al. 2023; Giraldo 
et al. 2021; Santarsiero et al. 2023). Within these broader categories, distinct and 
shared enablers were mapped to their corresponding transformation types. Through 
this SLR, which aims to integrate and contextualize the antecedents and enablers for 
DT, ST and TT, 7 antecedents and 13 enablers were identified.

The proposed conceptual framework demonstrates that 3 antecedents are directly 
connected to the TT process, while 2 are specifically related to DT or ST. Of the 13 
enablers identified, 8 are shared between DT and ST and merging into the TT stream 
(see Table 1). These findings underscore the importance of shared enablers across 
both transformations.

The following empirical examples from the DT and ST samples illustrates how the 
shared TT enablers can materialize in practice. For instance, a European hospital’s 
stroke unit exemplified an integrated, risk-responsive strategy by combining digi-
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tal patient-management systems with process redesign, leading to both faster treat-
ment and better clinical outcomes (Kokshagina 2021). In the same institution, phased 
implementation of digital tools in the cardiology department supported Value-Based 
Healthcare (VBHC), allowing iterative refinement across system levels. Moreover, 
healthcare organizations have used predictive analytics to optimize bed usage, align-
ing safety, efficiency, and sustainability goals (Denicolai & Previtali 2023). Beyond 
healthcare, AI-driven tools like predictive maintenance and intelligent chatbots have 
enabled proactive decision-making and improved resource use, demonstrating how 
data harmonization can drive both digital and sustainable outcomes (Gizelis et al. 
2023). These examples ground the theoretical model in real-world settings, highlight-
ing the tangible interplay of digital and sustainability goals within complex, risk-
sensitive environments (Table 2).

5  Discussion

5.1  The development of an extended conceptual framework on DT, ST and TT

To enhance missing pieces from the focus on HRO, we analyzed, compared, and 
integrated key findings from existing non-HRO literature reviews and their resulting 
frameworks. Given the scarcity of comprehensive perspectives on TT, we compared 
our HRO framework with insights from two significant studies, identifying overlap-
ping and new components and expanding its foundational scope.

As part of this framework expansion, we identified overlapping elements from 
prior literature, indicated with a single asterisk (*) in Fig. 5 while integrating addi-
tional core elements related to TT antecedents and enablers, clearly marked with a 
double asterisk (**). This distinction allows for a clear understanding of the origins 

Fig. 4  Conceptual framework – Twin Transformation in High-Reliability Organizations, source: au-
thors’ own work
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of each component, ensuring that the framework comprehensively captures the foun-
dational aspects of TT and the broader dynamics emerging from the literature.

The first study, conducted by Burinskienė & Nalivaikė, (2024), explored TT in 
small and medium enterprises (SMEs), introducing 4 enablers for TT: (1) resource 
productivity levels achieved during the transformation process, (2) market share of 
products produced using green technologies, (3) the number of digital technologies 
adopted, and (4) the number of sustainable technologies applied by SMEs. Integrat-
ing these insights allowed us to incorporate resource productivity and technological 
integration as core components of the extended framework.

Fig. 5  Extended conceptual framework – Twin Transformation, source: authors’ own work

 

Shared TT Enablers (DT + ST) Distinct Enablers (DT 
or ST)

(1) Develop integrated risk-responsive 
strategies
(2) Execute strategies with phased 
implementation
(3) Leverage data analytics to align 
safety, efficiency, and sustainability
(4) Harmonize and use data for proactive 
decision-making
(5) Build innovation capabilities for risk-
tolerant advances
(6) Establish strategic agility to 
manage interdependencies between 
transformations
(7) Perform error-free while implement-
ing digital and green solutions
(8) Promote a mindset of systemic think-
ing where digital and sustainability goals 
are pursued cohesively

DT: (1) Develop 
digital business models 
adapted to high-stakes 
environments
DT: (2) Enable 
workforce in digital lit-
eracy and adaptation to 
emerging digital roles
ST: (1) Foster long-term 
thinking and systematic 
change in sustainability
ST: (2) Explore sustain-
ability solutions without 
disrupting critical 
operations
ST: (3) Train employees 
to implement sustain-
able practices in high-
risk environments

Table 2  Overview of Shared 
and Distinct Enablers for TT in 
HROs
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The second study, by Vandevenne et al., (2023), focused on green enterprise 
architecture as a foundation for sustainable DT. This work introduced one additional 
antecedent (1) economic performance, and three enablers: (1) transparency, (2) key 
ecological indicators, and (3) corporate reputation. These elements were incorporated 
to add dimensions related to transparency and reputational factors, broadening the 
framework to emphasize ecological and economic forces.

By integrating these additional components, we ensured that our TT framework 
transcended the specifics of HRO literature, addressing TT in a more diverse set of 
organizational contexts. This more comprehensive approach aims to provide broader 
applicability for organizations beyond HROs, capturing the complexity and the 
opportunities inherent in simultaneous digital and sustainability transformations.

5.2  Theoretical contributions

This study makes two theoretical contributions. First, the HRO-specific TT frame-
work developed in Chapter 4 advances theory by contextualizing TT in safety–criti-
cal environments, adapting siloed DT and ST perspectives to high-reliability settings. 
Second, the extended TT framework developed in Chapter 5.1 broadens the scope of 
theorization by integrating insights from non-HRO studies, ensuring that the concep-
tualization of TT is both context-specific and generalizable.

The extended TT framework addresses a novel research gap by integrating DT 
and ST. It uniquely adapts existing siloed theories to the challenges of TT in and out 
of highly regulated, risk-averse environments where safety and reliability are critical 
(Poláková-Kersten et al. 2023; Weick 1987). By synthesizing antecedents, enablers, 
and outcomes, the framework bridges previously isolated streams of research (e.g. 
Schallmo et al. 2022; Waring et al. 2023).

The comparison between our HRO-specific and extended TT frameworks high-
lights three contributions regarding similarity, distinctiveness, and absence of ante-
cedents, enablers, and outcomes. First, several enablers such as strategy execution, 
data governance, and organizational resilience consistently appear across DT, ST, 
and TT studies, which underscores their shared relevance. Second, our analysis iden-
tifies distinct antecedents and enablers that earlier frameworks have not considered 
in depth, for example digital literacy in HROs or stakeholder alignment around sus-
tainability, which reflect the unique demands of safety–critical contexts. Third, some 
anticipated elements in prior frameworks, including broad ecological indicators or 
corporate reputation in sustainability-focused studies, were largely absent in the 
HRO literature, which suggests contextual blind spots. By systematically integrating 
shared, distinct, and missing elements, our TT frameworks clarify both the overlap 
with existing theorization and the novel contributions required for high-reliability 
settings.

The framework identifies several shared enablers (e.g. Lippolis et al. 2023; Lyu 
& Liu 2021) while highlighting distinct factors such as digital literacy and emerging 
digital roles (e.g. Ahmad et al. 2021). Novel synergies, such as establishing strate-
gic agility, reveal how enablers can manage interdependencies between the trans-
formations (e.g. Alzghaibi 2023; Lippolis et al. 2023). These findings align with 
recent SME research showing that TT enablers are shaped by contextual conditions 
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(Burtscher et al. 2025). In contrast to SMEs, where external ecosystems help to over-
come constraints, our analysis highlights that HROs must reconcile transformation 
with stringent reliability demands, underscoring the need for a tailored framework.

Together, the HRO-specific and extended frameworks contribute to theory by clar-
ifying what distinct and shared antecedents, enablers, and outcomes must be consid-
ered across different organizational contexts. To the best of the authors’ knowledge, 
this is the first study synthesizing a conceptual framework for TT in and outside 
of HROs from combining literature on digital and sustainability transformations, 
answering calls for research (e.g. Burinskienė & Nalivaikė, 2024; Guandalini 2022). 
The existing literature in this field is focusing on either DT or ST and has proceeded 
in separate research streams. By integrating these streams into one framework, the 
study adds conceptual clarity and extends existing theoretical discussions. The results 
from this framework for TT show consistency with previous research focusing on the 
individual transformations of DT or ST with their outlined capabilities and enablers 
(Konopik et al. 2022; Linnér & Wibeck 2021; Schallmo et al. 2017). In this manner, 
the systematic literature review achieves its objective of contributing to the academic 
discourse and enhancing decision-making processes for policymakers and managers 
(Kraus et al. 2020).

5.3  Practical and managerial implications

Beyond its theoretical value, this study provides actionable guidance for practitio-
ners. The insights derived from our extended conceptual framework provide several 
actionable recommendations for managers. These recommendations focus on the col-
lective assessment and development of DT and ST, acknowledging the overlapping 
enablers and fostering a holistic approach to organizational change.

One of the key managerial implications is the necessity to approach both DT and 
ST collectively rather than in isolation. The extended conceptual framework indicates 
that most enablers are shared to both transformations, suggesting that a synchronized 
strategy can enhance efficiency and coherence in achieving transformational goals. 
Managers should conduct comprehensive assessments that consider the interdepen-
dencies between DT and ST, leveraging shared resources and capabilities to address 
both transformation needs simultaneously. This integrated approach of applying both 
DT and ST can prevent resource duplication and ensure that the organization’s stra-
tegic objectives are aligned across all transformation efforts.

Given that the extended conceptual framework identifies a substantial overlap in 
the enablers required for both DT and ST, it is practical for managers to develop these 
enablers collectively. The ten shared enablers should be the focal points of develop-
ment initiatives. By concentrating efforts on these shared enablers, managers can 
create a unified transformation strategy that supports both digital and sustainability 
goals. This not only maximizes resource utilization but also fosters a more cohesive 
organizational culture geared towards comprehensive transformation.
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The reciprocal nature of DT and ST highlighted in the extended conceptual frame-
work suggests that advancements in one area can support and reinforce progress in 
the other. Managers should recognize and exploit these synergies, ensuring that ini-
tiatives in DT are designed to complement and enhance sustainability efforts, and 
vice versa. For instance, digital tools and data analytics can be leveraged to optimize 
sustainability initiatives, while sustainability principles can guide the ethical and 
responsible implementation of digital technologies. Emphasizing this reciprocity can 
amplify the impact of transformation efforts, leading to more robust and sustainable 
organizational change.

5.4  Limitations

The interpretation of qualitative data and thematic analysis in the literature review 
process introduces an element of subjectivity. The theoretical and practical contribu-
tions of this research are subject to the limitations inherent in the chosen methodol-
ogy and the constraints of the research project (Tranfield et al. 2003).

Different researchers might interpret the same data differently, leading to varia-
tions in the identified themes and enablers. Personal bias cannot be eliminated 
entirely, even with a transparent sampling and analysis process. Despite discussing 
the methodology and preliminary results with fellow researchers at relevant confer-
ences, resource limitations prevented conclusive evidence (Kraus et al. 2020).

SLRs are generally regarded as providing strong evidence, however, their findings 
are fundamentally shaped by the nature and scope of the available literature. One 
significant limitation, stemming from the inherent constraint of the literature review 
methodology, is the fragmented nature of the existing body of knowledge on DT and 
ST.

Consequently, the proposed TT framework, derived from this synthesis, might 
reflect these imbalances, perhaps by not fully articulating certain synergistic relation-
ships or by being skewed towards more established theoretical viewpoints present 
in the literature. For instance, our analysis of the included studies revealed a notable 
industry-specific focus. In the DT sample, healthcare (57%) and the energy/utilities 
sector (32%) were predominant. Similarly, the ST sample showed a strong concentra-
tion in the energy/utilities sector (63%) and transportation (15%). While this reflects 
the critical importance of DT and ST in these areas, this concentration means that 
the insights derived, and the enablers identified in our SLR may be influenced by the 
specific contexts, challenges, and operational realities of these sectors.

Furthermore, the methodological leaning towards case studies across both samples 
could also introduce a bias. This emphasis might lead to a framework that prioritizes 
operational and implementation aspects, potentially underemphasizing broader stra-
tegic considerations or theoretical nuances that other research methodologies might 
reveal.
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Such systemic biases and concentrations within the literature could mean that our 
SLR and the derived framework may not fully capture the spectrum of challenges, 
failures, or contextual variations crucial for a comprehensive understanding of DT 
and ST transformations across a wider array of industries or organizational types. 
This, in turn, may limit both the theoretical generalizability of our framework and 
its immediate managerial applicability beyond the contexts most represented in the 
sample.

The selection criteria for reviewed articles also introduce limitations that affect 
the SLR's outcomes and the subsequent framework. The first-level inclusion criteria, 
which were based on journal rankings, led to the inclusion of articles from high-qual-
ity academic journals (Fig. 1). However, this also resulted in the exclusion of contri-
butions such as conference proceedings and articles from lower-ranked or unranked 
journals. This decision, while aimed at ensuring a certain level of academic rigor, 
might have inadvertently omitted valuable nascent insights, practical case studies, or 
critical perspectives more frequently discussed in conference proceedings or newer 
journals. As a result, the evidence base for our SLR, and thus the comprehensive-
ness of the TT framework, may be constrained, potentially missing out on cutting-
edge developments or alternative viewpoints not yet consolidated in highly ranked 
publications.

Both DT and ST are dynamic and continuously evolving fields. The rapid pace of 
technological advancements and the changing landscape of sustainability challenges 
mean that the findings of this study and the TT framework may become less com-
prehensive or quickly outdated. Continuous updates and validations of the TT frame-
work are necessary to ensure its relevance and applicability over time. Measuring 
the outcomes and impact of transformations, especially in a combined framework, 
is inherently complex. The study relies on the identified enablers and antecedents to 
infer the success of transformations, but quantifying these elements and their interac-
tions can be challenging. The lack of standardized metrics for assessing the success 
of TT further complicates the evaluation process.

By acknowledging these limitations, the study provides a balanced view of its 
contributions and sets the stage for future research to address these gaps and build 
upon the initial findings.

5.5  Future research directions

The framework opens numerous avenues for future research. The novel approach of 
combining these two streams of transformation presents a comprehensive view that 
can significantly contribute to academic discourse.

Future transformation research should examine the development and refinement 
of integrated transformation models. The TT framework provides a foundational 
structure, but further empirical validation and theoretical elaboration are necessary. 
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Researchers can explore how different organizations implement integrated transfor-
mation strategies, identifying best practices, challenges, and outcomes. Comparative 
studies across industries and regions could shed light on the contextual factors influ-
encing the success of these models (Burinskienė & Nalivaikė, 2024). The identifica-
tion of distinct and shared enablers for DT and ST within the TT framework suggests 
that further investigation into the interdependencies of these enablers is warranted. 
Scholars should examine how these enablers interact and influence each other, both 
positively and negatively. Longitudinal studies could track the evolution of these 
interdependencies over time, providing insights into how HROs can strategically 
manage and leverage them for sustained transformation.

The TT framework highlights the importance of cultural change as a critical 
enabler for both DT and ST. Future research should explore the specific cultural attri-
butes that facilitate successful transformations in HROs. Studies could investigate 
how different cultural dimensions such as risk aversion, innovation propensity, and 
resilience affect the implementation and outcomes of transformation initiatives. This 
line of inquiry can help in developing targeted interventions to foster a supportive 
organizational culture. The framework suggests a reciprocal relationship between 
DT and ST, where advancements in one area can support and enhance the other. 
Researchers should empirically test this reciprocity, examining case studies where 
digital innovations have driven sustainability outcomes and vice versa. Quantitative 
studies could measure the impact of integrated transformation efforts on organiza-
tional performance, sustainability metrics, and digital maturity.

There is a need for robust metrics and evaluation frameworks to assess the success 
of integrated transformation initiatives. Future research can contribute by develop-
ing and validating tools that measure the effectiveness of transformation strategies, 
capturing both digital and sustainability dimensions. These metrics can help orga-
nizations benchmark their progress and identify areas for improvement. Given the 
importance of regulatory guidance in HROs, future research should explore the pol-
icy and regulatory implications of integrated transformations. Studies could investi-
gate how existing regulations facilitate or hinder the integration of DT and ST, and 
what changes are necessary to support holistic transformation efforts. Engaging with 
policymakers to translate research findings into actionable policy recommendations 
could enhance the practical impact of academic work.

Finally, future research should consider the broader impact of integrated transfor-
mations on various stakeholders, including employees, customers, suppliers, and the 
community. Qualitative studies could capture stakeholder perceptions and experi-
ences, providing a nuanced understanding of the benefits and challenges associated 
with TT in HROs. This can inform strategies to enhance stakeholder engagement and 
support throughout the transformation process.
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In summary, the conceptual TT framework and its extension offers a rich founda-
tion for future research. By exploring these implications, scholars can contribute to 
a deeper understanding of how HROs and other types of organizations can success-
fully navigate the complexities of DT and ST, ultimately advancing both theory and 
practice in this evolving field.

6  Conclusion

Following the research question “What are distinct and shared antecedents, enablers, 
and outcomes for digital and sustainability transformations and their integration as 
twin transformations in HROs?”, this study conducted a SLR to identify and develop 
a conceptual framework. We found that the simultaneous adoption of DT and ST 
is crucial for balancing operational efficiency, sustainability goals, and maintain-
ing reliability standards. Our integrative framework consolidates distinct and shared 
antecedents, enablers, and outcomes for DT, ST, and TT, offering a structured under-
standing to guide HROs through the complexities of concurrent transformations.

To broaden the applicability of the conceptual framework beyond HROs, we 
adopted a comparative approach by synthesizing findings from previous non-HRO 
studies together with our initial framework to develop an extended conceptual frame-
work. This resulted in an extended TT framework, contributing to a more holistic 
understanding.

This research offers valuable insights. For practitioners, it underscores the impor-
tance of integrated TT strategies focusing on shared enablers and synergies to 
optimize resources and enhance resilience. Academically, it provides a novel TT syn-
thesis, bridging distinct research streams and proposing future inquiry into empiri-
cal validation of the frameworks, longitudinal studies, and the interplay of enablers 
and context. Key recommendations are also offered for policymakers. As regulatory 
frameworks are primary drivers in HROs, clear, consistent mandates are needed 
to manage complexity (e.g., harmonizing environmental regulations, streamlining 
approvals). Targeted financial incentives and supportive legislation are crucial for 
HROs to overcome TT adoption costs and risks. The implementation of robust data 
governance, skills programs for digital and sustainability literacy, and collaborative 
research and development will also be pivotal for advancing the TT agenda.

Providing a foundational conceptualization for navigating TT, this research, 
through its comprehensive analysis of critical factors in HROs and beyond, offers a 
robust foundation for practitioners, scholars, and policymakers working collabora-
tively towards a resilient, sustainable, and digitally transformed future.
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Appendix

See Tables 3, 4, 5.
Table 3  Journal overview
Journal Name Paper 

Count
ABS/AJG-
Ranking 
(2024)

JCR-
Rank-
ing 
(2025)

Technovation 11 13.41 3 10.9
Sustainability 9 10.98 #NV 3.3
Technological forecasting and social change 8 9.76 3 13.3
Energy policy 7 8.54 2 9.2
Environmental innovation and societal transitions 3 3.66 #NV 6.1
Business process management journal 2 2.44 2 5.8
Energies 2 2.44 #NV 3.2
Energy economics 2 2.44 3 14.2
International journal of innovation management 2 2.44 2 1.2
Journal of cleaner production 2 2.44 1 10.0
Journal of decision systems 2 2.44 1 4.3
Journal of health services research & policy 2 2.44 #NV 2.7
Journal of management information systems 2 2.44 4 6.2
MIS quarterly executive 2 2.44 2 2.9
Technology in society 2 2.44 2 12.5
Applied energy 1 1.22 #NV 11.0
Business strategy and the environment 1 1.22 3 13.3
California management review 1 1.22 3 7.3
Decision support systems 1 1.22 3 6.8
Digital health 1 1.22 #NV 3.3
European journal of information systems 1 1.22 4 8.6
Frontiers in public health 1 1.22 #NV 3.4
Healthcare 1 1.22 #NV 2.7
Information systems frontiers 1 1.22 3 8.3
Information systems journal 1 1.22 4 6.3
International journal of production research 1 1.22 3 7.3
Jmir public health and surveillance 1 1.22 #NV 3.9
Journal of business research 1 1.22 3 9.8
Journal of computer information systems 1 1.22 2 4.2
Journal of Environmental Policy & Planning 1 1.22 #NV 2.2
Journal of Innovation and Knowledge 1 1.22 1 15,5
Journal Of medical internet research 1 1.22 #NV 6.0
Journal Of organizational change management 1 1.22 2 2.7
Journal of strategic information systems 1 1.22 4 11.8
Managerial and decision economics 1 1.22 2 2.7
Policy sciences 1 1.22 1 3.7
Review of European comparative & international Environ-
mental law

1 1.22 #NV 2.3

Transportation research part D-transport and environment 1 1.22 #NV 7.7
Utilities policy 1 1.22 1 4.4
Total 82 100.00
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Example Quote 1st Order Concept 2nd Order Theme Aggregate 
Dimension

DT
“DT provides an important entry point 
for energy enterprises to improve their 
innovation ability.”

Developing green 
innovation abilities

Build innova-
tion capabilities 
for risk-tolerant 
advances

Adaptation and flex-
ibility for DT

“Deep cultural change will also be 
needed with a focus on people and 
agile ways of working.”

Delivering IT agile Build innova-
tion capabilities 
for risk-tolerant 
advances

Adaptation and flex-
ibility for DT

“This is particularly challenging, 
given that […] different depart-
ments use systems that are not 
interoperable.”

Balancing current 
operations with 
the drive towards 
fundamental 
transformation

Develop digital 
business models 
adapted to 
high-stakes 
environments

Adaptation and flex-
ibility for DT

“Having a separate unit for innova-
tion allows for an environment within 
the mainstream organization in which 
learning and experimentation are 
encouraged, and failure is tolerated.”

Managing tensions 
between innova-
tion/transforma-
tion and reliable 
operations

Develop digital 
business models 
adapted to 
high-stakes 
environments

Adaptation and flex-
ibility for DT

“The participants suggested that 
implementation be facilitated by 
involving professionals from different 
professional groups […].”

Building interdisci-
plinary knowledge 
in cross-functional 
teams

Establishing 
strategic agility for 
digitalization

Adaptation and flex-
ibility for DT

“Bringing together different stakehold-
ers to sense opportunities and threats 
is a means of doing this.”

Sensing opportuni-
ties and threats

Establishing 
strategic agility for 
digitalization

Adaptation and flex-
ibility for DT

ST
“[…] one is to force them to do so 
through environmental regulation, 
[…].”

Political regulatory 
system driving po-
tentials for radical 
change

Enforce radical 
change through 
regulation and 
guarantee opera-
tional stability

Governmental regu-
lations and stake-
holder dynamics 
demanding sustain-
able transformation

“The ownership of the local govern-
ments in some of the major power 
utilities in the province provide the 
governments another mechanism to 
push the closures.”

Increasing control 
for public owners

Enforce radical 
change through 
regulation and 
guarantee opera-
tional stability

Governmental regu-
lations and stake-
holder dynamics 
demanding sustain-
able transformation

“[…] encourage them through market 
mechanisms.”

Navigating 
economic pressure 
and loss

Economic incen-
tives driving ST

Governmental regu-
lations and stake-
holder dynamics 
demanding sustain-
able transformation

“[…] we find that the focus of such 
reforms remains on cost-efficiency, 
rather than to engage in radical 
innovations.”

Balancing cost-
effectiveness and 
sustainability

Economic incen-
tives driving ST

Governmental regu-
lations and stake-
holder dynamics 
demanding sustain-
able transformation

Table 5  Coding Examples
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