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ABSTRACT 

Digital transformation has emerged as one of the most consequential socio-technical shifts of the early 

twenty-first century, reshaping production systems, urban governance, agriculture, healthcare, and 

organizational infrastructures across both developed and developing economies. While the promises of 

efficiency, resilience, and sustainability associated with digitalization have been widely articulated, 

scholarly debates increasingly emphasize the uneven outcomes, infrastructural fragilities, and governance 

challenges embedded within digital transitions. This article develops an integrative and critical 

examination of digital transformation through the combined lenses of sustainability theory, socio-technical 

systems analysis, and operational reliability. Central to the argument is the proposition that sustainability-

oriented digital transformation cannot be fully realized without systematic attention to infrastructural 

reliability, legacy system integration, and organizational learning. Drawing conceptually and analytically 

on Site Reliability Engineering (SRE) as articulated in recent applied engineering scholarship, including 

empirical insights on implementing SRE within legacy retail infrastructures (Dasari, 2025), this article 

situates reliability engineering as a foundational yet under-theorized pillar of sustainable digital 

transformation. 

The study adopts a qualitative, literature-driven research design, synthesizing interdisciplinary 

scholarship spanning smart cities, Industry 4.0, digital agriculture, healthcare digitization, and sustainable 

development policy. Through extensive theoretical elaboration and comparative analysis, the article 

demonstrates how digital transformation initiatives frequently reproduce systemic vulnerabilities when 

reliability, resilience, and human-centered governance are treated as secondary concerns. The findings 
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highlight that digital infrastructures function not merely as technical artifacts but as socio-ecological 

systems whose performance stability directly affects social inclusion, environmental outcomes, and 

institutional trust. 

The results advance three core contributions. First, the article reframes digital transformation as a 

reliability-dependent sustainability process rather than a linear technological upgrade. Second, it 

integrates SRE principles—such as error budgeting, service-level objectives, and continuous monitoring—

into sustainability discourse, illustrating their relevance across sectors beyond software-intensive firms. 

Third, it identifies persistent gaps in policy and practice, particularly in the Global South, where digital 

initiatives often outpace institutional capacity and infrastructural robustness. 

The discussion critically engages with dominant narratives of digital optimism, addressing counter-

arguments related to technological determinism and ecological rebound effects. It concludes by proposing 

a research agenda that bridges engineering reliability, sustainability science, and socio-technical 

governance. By foregrounding reliability as a sustainability enabler, the article contributes to more 

grounded, equitable, and resilient pathways for digital transformation. 

KEYWORDS 

Digital transformation; sustainability transitions; site reliability engineering; socio-technical systems; 
resilient infrastructure; Industry 4.0  

INTRODUCTION  

Digital transformation has become a defining 

concept in contemporary scholarship and policy 

discourse, frequently invoked to describe the 

profound restructuring of economic, social, and 

institutional systems through the pervasive 

adoption of digital technologies (Allam, 2019). 

Across sectors as diverse as urban governance, 

agriculture, healthcare, and manufacturing, 

digitalization is widely positioned as a catalyst for 

efficiency gains, transparency, innovation, and 

sustainable development (Ghobakhloo, 2020). 

However, beneath this narrative of progress lies a 

complex constellation of infrastructural 

dependencies, organizational challenges, and 

socio-ecological consequences that demand deeper 

analytical scrutiny (Grumbach & Hamant, 2018). 

The growing body of literature suggests that digital 

transformation is not inherently sustainable, nor 

uniformly beneficial, but instead operates as a 

socio-technical process whose outcomes are 

shaped by governance structures, institutional 

capacity, and infrastructural reliability (ElMassah 

& Mohieldin, 2020). 

Within sustainability scholarship, digital 

technologies are increasingly framed as enabling 

tools for achieving the Sustainable Development 

Goals (SDGs), particularly in relation to resource 

efficiency, service accessibility, and data-driven 

decision-making (Dyatlov et al., 2019). Smart city 

initiatives, for example, promise optimized energy 
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use, participatory governance, and improved 

quality of life through interconnected digital 

platforms (Bouzguenda et al., 2019). Similarly, in 

agriculture, mobile-enabled services and precision 

technologies are portrayed as mechanisms for 

enhancing productivity while reducing 

environmental pressures (Emeana et al., 2020). 

Despite these ambitions, empirical studies 

consistently reveal implementation gaps, system 

failures, and unintended consequences that 

undermine both performance and sustainability 

outcomes (Bronson, 2020). These tensions 

highlight a critical gap between digital aspiration 

and operational reality, a gap that is often rooted in 

the fragility of underlying infrastructures and the 

marginalization of reliability considerations (El 
Bilali & Allahyari, 2018). 

The concept of infrastructural reliability occupies a 

paradoxical position in digital transformation 

discourse. On the one hand, reliable digital systems 

are implicitly assumed as prerequisites for 

innovation and sustainability. On the other hand, 

reliability engineering is rarely foregrounded in 

sustainability-oriented analyses, which tend to 

prioritize macro-level policy frameworks, ethical 

considerations, or technological capabilities 

(Alojail & Khan, 2023). This oversight is 

particularly problematic in contexts characterized 

by legacy systems, resource constraints, and 

institutional complexity, where digital upgrades 

frequently coexist with outdated infrastructures 

(Elgohary, 2022). The failure to integrate reliability 

as a core design and governance principle can 

result in cascading system breakdowns, eroding 

trust and exacerbating inequalities rather than 

alleviating them (Amankwah‐Amoah, 2019). 

Recent engineering scholarship offers valuable 

insights into addressing these challenges through 

the framework of Site Reliability Engineering 

(SRE), an operational philosophy originally 

developed within large-scale digital service 

organizations to ensure system resilience, 

scalability, and continuous improvement (Dasari, 

2025). SRE emphasizes the co-evolution of 

software systems and organizational practices, 

advocating for explicit reliability targets, 

automated monitoring, and structured responses 

to failure. While SRE has gained traction within 

technology-intensive industries, its implications 

for broader digital transformation and 

sustainability debates remain underexplored. 

Notably, Dasari (2025) demonstrates that 

implementing SRE principles within legacy retail 

infrastructure can significantly enhance system 

stability, organizational learning, and service 

continuity, even in environments constrained by 
technical debt and fragmented architectures. 

This article contends that the integration of SRE 

principles into sustainability-oriented digital 

transformation frameworks represents a critical 

yet underdeveloped avenue for both research and 

practice. By situating reliability engineering within 

the broader socio-technical and sustainability 

literature, the study seeks to bridge disciplinary 

silos and challenge prevailing assumptions about 

the self-sufficiency of digital innovation. The 

central research problem addressed herein is the 

absence of a coherent theoretical and analytical 

framework that connects digital transformation, 

infrastructural reliability, and sustainable 

development outcomes. While existing studies 

acknowledge the importance of governance, 

participation, and ethics, they seldom engage with 

the operational dynamics that determine whether 
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digital systems function effectively over time 
(Grumbach & Hamant, 2018). 

The literature gap is particularly evident in 

discussions of digital transformation in developing 

and transitional economies, where infrastructural 

fragility and institutional volatility are pronounced 

(Amankwah‐Amoah, 2019). In such contexts, the 

sustainability benefits of digitalization are 

contingent not only on access to technology but 

also on the reliability and adaptability of systems 

embedded within complex socio-economic 

environments. By drawing on interdisciplinary 

sources and integrating applied engineering 

insights, this article aims to advance a more 

nuanced understanding of digital transformation 

as a reliability-dependent sustainability process. 

The remainder of the article is structured to 

progressively develop this argument. Following 

this introduction, the methodology section outlines 

the qualitative, literature-driven approach adopted 

for the analysis, including its epistemological 

assumptions and limitations. The results section 

presents a thematic synthesis of findings, focusing 

on the role of reliability in digital transformation 

across key sectors. The discussion offers an in-

depth theoretical interpretation, engaging with 

competing perspectives and outlining implications 

for policy, practice, and future research. The 

conclusion synthesizes the core insights and 

reiterates the necessity of embedding reliability 

engineering within sustainability-driven digital 

agendas (Dasari, 2025; Ghobakhloo, 2020). 

METHODOLOGY 

The methodological orientation of this study is 

grounded in qualitative, interpretive research 

traditions that prioritize theoretical integration, 

conceptual clarification, and critical synthesis over 

empirical measurement. Given the study’s 

objective of developing a comprehensive, 

publication-ready analysis of digital 

transformation, sustainability, and reliability 

engineering, a literature-driven methodology was 

deemed most appropriate (Allam, 2019). This 

approach allows for the systematic examination of 

diverse scholarly perspectives while enabling the 

integration of applied engineering insights, such as 

those articulated in Site Reliability Engineering 

research, into broader socio-technical debates 

(Dasari, 2025). 

The primary data source for the analysis consists of 

peer-reviewed academic literature drawn from 

sustainability studies, digital transformation 

research, socio-technical systems theory, and 

applied engineering scholarship. The reference 

corpus includes conceptual works, empirical case 

studies, and policy-oriented analyses spanning 

multiple sectors, including urban development, 

agriculture, healthcare, and industrial production 

(Bouzguenda et al., 2019; Burki, 2019). The 

inclusion of interdisciplinary sources reflects the 

recognition that digital transformation operates 

across multiple scales and domains, necessitating 

an integrative analytical lens (Ghobakhloo, 2020). 

A central methodological principle guiding the 

study is theoretical triangulation. Rather than 

privileging a single disciplinary framework, the 

analysis juxtaposes sustainability theory, digital 

transformation models, and reliability engineering 

principles to identify points of convergence and 

tension (Grumbach & Hamant, 2018). This 
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triangulation is particularly evident in the 

integration of SRE concepts—such as service-level 

objectives, error budgets, and continuous 

monitoring—into discussions traditionally 

dominated by policy and governance 

considerations (Dasari, 2025). By doing so, the 

methodology seeks to illuminate how operational 

practices shape sustainability outcomes in ways 

that are often overlooked in high-level analyses 

(ElMassah & Mohieldin, 2020). 

The analytical process involved several iterative 

stages. First, an extensive review of the selected 

literature was conducted to identify recurring 

themes, conceptual frameworks, and empirical 

findings related to digital transformation and 

sustainability. Particular attention was paid to 

discussions of infrastructure, resilience, and 

system failure, as these elements are directly 

relevant to reliability engineering (El Bilali & 

Allahyari, 2018). Second, the identified themes 

were examined through the lens of SRE, drawing on 

applied studies of reliability implementation in 

complex organizational settings (Dasari, 2025). 

This stage involved interpretive analysis rather 

than formal coding, reflecting the study’s emphasis 

on conceptual synthesis over content analysis. 

Third, the findings were contextualized within 

broader debates on sustainable development, 

technological determinism, and socio-technical 

governance. This contextualization allowed for the 

critical evaluation of dominant narratives that 

portray digital transformation as inherently 

progressive or self-correcting (Amankwah‐Amoah, 

2019). By engaging with counter-arguments and 

alternative perspectives, the methodology 

supports a balanced and reflexive analysis that 

acknowledges both the potential and the 
limitations of digital technologies (Bronson, 2020). 

The study’s methodological limitations stem 

primarily from its reliance on secondary sources 

and conceptual analysis. While this approach 

enables broad theoretical integration, it does not 

provide new empirical data or statistical validation 

of the proposed relationships between reliability 

engineering and sustainability outcomes 

(Elgohary, 2022). Additionally, the 

interdisciplinary scope of the literature introduces 

challenges related to terminological inconsistency 

and varying epistemological assumptions (Dyatlov 

et al., 2019). These limitations are addressed 

through careful contextualization and explicit 

acknowledgment of the study’s interpretive nature. 

Despite these constraints, the methodology is well-

suited to the study’s aim of generating a 

comprehensive, publication-ready research article 

that advances theoretical understanding and 

stimulates further empirical inquiry. By 

foregrounding reliability as a critical dimension of 

digital transformation, the methodological 

approach aligns with calls for more grounded and 

operationally informed sustainability research 

(Dasari, 2025; Alojail & Khan, 2023). 

RESULTS 

The results of the qualitative synthesis reveal a 

consistent pattern across the reviewed literature: 

digital transformation initiatives achieve their 

intended sustainability outcomes only when 

supported by robust, reliable, and adaptive 

infrastructures (Ghobakhloo, 2020). Across 

sectors, the absence of systematic reliability 
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practices emerges as a recurring factor 

contributing to system failures, user 

dissatisfaction, and unintended socio-

environmental consequences (Grumbach & 

Hamant, 2018). This section presents the findings 

thematically, focusing on three interrelated 

dimensions: infrastructural stability, 

organizational capacity, and socio-technical 

integration. 

In the context of urban digitalization, smart city 

initiatives are frequently characterized by 

ambitious technological deployments that outpace 

institutional readiness and infrastructural 

resilience (Bouzguenda et al., 2019). While digital 

platforms enable real-time data collection and 

participatory governance, their effectiveness is 

contingent on continuous system availability and 

data integrity (Allam, 2019). The literature 

indicates that system outages, data inconsistencies, 

and cybersecurity vulnerabilities undermine 

public trust and exacerbate social inequalities, 

particularly when essential services become 

dependent on unreliable digital infrastructures 

(ElMassah & Mohieldin, 2020). These findings 

underscore the relevance of reliability engineering 

principles, which emphasize proactive monitoring 

and failure mitigation, in aligning smart city 

projects with sustainability goals (Dasari, 2025). 

In agricultural and food systems, digital 

transformation is often promoted as a pathway to 

sustainability through precision farming, mobile 

advisory services, and supply chain transparency 

(El Bilali & Allahyari, 2018). However, empirical 

studies highlight significant challenges related to 

system maintenance, network connectivity, and 

user support, especially in rural and resource-

constrained settings (Emeana et al., 2020). The 

results suggest that without reliable digital 

infrastructures, such initiatives risk reinforcing 

existing inequalities rather than empowering 

marginalized communities (Bronson, 2020). The 

application of SRE concepts, such as clearly defined 

service-level expectations and iterative system 

improvement, offers a potential mechanism for 

addressing these challenges by aligning 

technological performance with user needs 

(Dasari, 2025). 

Healthcare digitalization presents a similarly 

complex picture. While digital platforms promise 

improved access to care and operational efficiency, 

system reliability emerges as a critical determinant 

of patient safety and service quality (Burki, 2019). 

The literature reveals that system downtimes and 

data integration failures can have severe 

consequences in clinical contexts, highlighting the 

ethical dimensions of reliability in digital health 

(Elgohary, 2022). These findings reinforce the 

argument that reliability is not merely a technical 

concern but a socio-ethical imperative within 

sustainability-oriented digital transformation 

(Alojail & Khan, 2023). 

Across industrial and organizational contexts, the 

transition toward Industry 4.0 is associated with 

increased automation, data-driven decision-

making, and interconnected production systems 

(Ghobakhloo, 2020). The results indicate that 

legacy infrastructures pose significant barriers to 

realizing these benefits, as technical debt and 

fragmented architectures compromise system 

stability (Dasari, 2025). Studies of digital 

transformation in established firms reveal that 

organizational learning and cultural adaptation are 

as critical as technological upgrades in achieving 

sustainable outcomes (El Hilali & El Manouar, 
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2018). Reliability engineering practices, by 

fostering a culture of continuous improvement and 

shared responsibility for system performance, 

emerge as a key enabler of this learning process 

(Dasari, 2025). 

Collectively, the results demonstrate that digital 

transformation cannot be meaningfully separated 

from questions of reliability and resilience. 

Sustainability outcomes are mediated by the 

capacity of digital systems to function consistently 

within complex socio-technical environments 

(Dyatlov et al., 2019). These findings challenge 

deterministic narratives of digital progress and 

highlight the need for integrative frameworks that 

account for operational realities (Grumbach & 

Hamant, 2018). 

DISCUSSION 

The findings presented above invite a deeper 

theoretical and critical engagement with the 

relationship between digital transformation, 

sustainability, and infrastructural reliability. This 

discussion situates the results within broader 

scholarly debates, examines counter-arguments, 

and articulates implications for theory, policy, and 

practice. Central to this analysis is the contention 

that reliability engineering, and specifically Site 

Reliability Engineering, offers a crucial yet 

underutilized lens for understanding and guiding 

sustainable digital transformation (Dasari, 2025). 

One of the dominant narratives in digital 

transformation literature is that technological 

innovation inherently drives sustainability by 

optimizing resource use and enabling smarter 

decision-making (Ghobakhloo, 2020). While this 

perspective is supported by numerous case studies 

demonstrating efficiency gains, it often 

underestimates the systemic vulnerabilities 

introduced by increased digital dependence 

(Grumbach & Hamant, 2018). The results of this 

study align with critical scholarship that challenges 

technological determinism, emphasizing that 

digital systems are embedded within socio-

technical assemblages characterized by power 

relations, institutional constraints, and ecological 

limits (Amankwah‐Amoah, 2019). From this 

vantage point, reliability emerges not as a 

secondary technical attribute but as a foundational 

condition for realizing the promised benefits of 

digitalization. 

The integration of SRE into sustainability discourse 

offers a means of operationalizing this insight. 

SRE’s emphasis on explicit reliability targets, 

continuous monitoring, and learning from failure 

resonates with sustainability principles that 

prioritize long-term system viability over short-

term optimization (Dasari, 2025). In contrast to 

traditional engineering approaches that treat 

failure as an anomaly to be eliminated, SRE 

conceptualizes failure as an inevitable and 

informative aspect of complex systems. This 

perspective aligns with socio-ecological resilience 

theory, which views adaptability and learning as 

key determinants of sustainability (Dyatlov et al., 
2019). 

Critics may argue that SRE, originating in high-

resource, technology-intensive organizations, is ill-

suited to contexts characterized by infrastructural 

scarcity and institutional fragility (Emeana et al., 

2020). However, the findings suggest that the core 

principles of SRE—such as prioritizing critical 

services, clarifying performance expectations, and 

fostering cross-functional collaboration—are 
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adaptable across contexts (Dasari, 2025). Rather 

than prescribing specific technical solutions, SRE 

provides a governance framework for managing 

complexity and uncertainty, which are ubiquitous 

features of digital transformation initiatives (El 
Hilali & El Manouar, 2018). 

Another counter-argument concerns the ecological 

footprint of digital infrastructures themselves. 

Scholars caution that increased digitalization can 

exacerbate energy consumption and material 

extraction, undermining sustainability goals 

(Grumbach & Hamant, 2018). While this critique is 

well-founded, it does not negate the relevance of 

reliability engineering. On the contrary, unreliable 

systems often generate additional environmental 

costs through redundancy, inefficiency, and 

premature obsolescence (Allam, 2019). By 

promoting efficient system operation and informed 

decision-making, reliability practices can 

contribute to minimizing the environmental 

externalities of digital infrastructures (Alojail & 

Khan, 2023). 

The discussion also highlights important 

implications for policy and governance. Digital 

transformation strategies frequently emphasize 

innovation and adoption while neglecting 

maintenance, monitoring, and capacity-building 

(ElMassah & Mohieldin, 2020). Incorporating 

reliability metrics and accountability mechanisms 

into policy frameworks could enhance the 

sustainability of digital initiatives, particularly in 

public sector contexts (Bouzguenda et al., 2019). 

Moreover, the alignment of SRE practices with 

participatory governance models offers 

opportunities for enhancing transparency and 

trust in digital systems (Allam, 2019). 

From a theoretical perspective, the integration of 

reliability engineering into sustainability research 

calls for a rethinking of how digital systems are 

conceptualized. Rather than viewing technology as 

an external driver of change, scholars are 

encouraged to adopt a relational perspective that 

foregrounds the co-evolution of technical, social, 

and organizational elements (Grumbach & Hamant, 

2018). This shift has implications for future 

research, which should explore empirical 

applications of SRE principles in diverse 

sustainability contexts, including agriculture, 
healthcare, and urban governance (Dasari, 2025). 

CONCLUSION 

This article has advanced a comprehensive and 

critical analysis of digital transformation through 

the lens of sustainability and infrastructural 

reliability. By synthesizing interdisciplinary 

scholarship and integrating applied insights from 

Site Reliability Engineering, the study 

demonstrates that the sustainability potential of 

digitalization is contingent upon the reliability and 

resilience of underlying socio-technical systems 

(Dasari, 2025). The findings challenge 

deterministic narratives of digital progress and 

underscore the importance of operational 

practices, organizational learning, and governance 

structures in shaping digital outcomes 

(Ghobakhloo, 2020). 

The central contribution of the article lies in 

reframing reliability as a core sustainability 

concern rather than a peripheral technical issue. 

Across sectors, from smart cities to agriculture and 

healthcare, reliable digital infrastructures emerge 

as prerequisites for equitable, efficient, and 
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resilient service delivery (Bouzguenda et al., 2019; 

Burki, 2019). By bridging sustainability science 

and reliability engineering, the study opens new 

avenues for research and practice that prioritize 

long-term system viability over short-term 
innovation. 

Future research should build on this foundation by 

empirically examining the application of SRE 

principles in diverse socio-economic contexts and 

by exploring their implications for policy design 

and institutional capacity-building (Alojail & Khan, 

2023). As digital transformation continues to 

reshape societies worldwide, embedding reliability 

at the heart of sustainability strategies will be 

essential for realizing inclusive and resilient 

development pathways (Dasari, 2025). 
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