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ABSTRACT. This research is conducted to create an adaptive and sustainable Smart City ecosystem model for
Banyuwangi Regency in response to challenges of digitalization and sustainable development in the region. The study
emphasizes three pillars: building digital infrastructure, improving stakeholder cooperation, and formulating
regulations conducive to technological innovation. Employing an exploratory qualitative method, the research was
conducted through 18 in-depth interviews, direct observation, document analysis, and FGDs with diverse stakeholders.
The collected data were analyzed using a paradigmatic model to construct a "Smart Sustainable City Ecosystem”
tailored to Banyuwangi's characteristics and challenges. This study yields a digital ecosystem model incorporating
policies to advance digital infrastructure, community digital literacy, and the regulation of technological innovation,
adaptable across contexts. This development model would enable the continuity of Smart City development in
Banyuwangi through an all-encompassing, adaptive strategy for environmental change. This study is only focused on
the Banyuwangi area, and the data are collected from several stakeholders. It is suggested that future research, using
multiple longitudinal studies, assess the model's effectiveness.

Keywords: smart city, digital ecosystem, digital infrastructure, digital literacy, adaptive regulation.

INTRODUCTION

The evolution of digital technology has transformed the operation of cities globally, enabling more diverse,
effective, and sustainable transformations (Bokolo Anthony Jr., 2021). Developments such as the 10T, artificial
intelligence (Al), and blockchain technology have further enhanced the smart city concept by enabling real-time
data use to increase efficiency, safety, and comfort for citizens (Scuotto, Ferraris, & Bresciani, 2016; Shilpi &
Ahad, 2020). This digitalization not only challenges the way to enhance the quality of life and competitiveness of
cities but also demands a profound understanding of how technology can be inclusive across areas with widely
different features (Sharifi et al., 2021). The use of 10T and Al technologies in city infrastructure can reduce
operating costs and increase investment attractiveness, resulting in substantial economic benefits over the long
term (Bokolo Anthony Jnr, 2021).

Applying the smart city concept at the regional level offers many advantages, but data integration,
strategic design, and stakeholder collaboration are often challenging (Daniyar Mukhametov, 2019). Senior and
Suharto (2021) Note That Local Governments, particularly in Indonesia, face a significant challenge in making
smart cities inclusive and sustainable. An ideal smart city, according to research by Svitek and Kozhevnikov
(2023), is one with mechanized, effective city governance that involves various stakeholders to deliver more
effective cross-sector solutions. "These challenges are more acute in the rural district, because digital
infrastructure is not uniformly distributed and the community's digital literacy is yet to be enhanced" (Sari, 2022).

Banyuwangi Regency in Indonesia is a fascinating case of a 'smart city’ concept developed in a rural setting through
the 'smart village' scheme. It is, in fact, in the more rural areas of the regency that have become model practitioners
of community-based smart cities. In the "smart village" scheme, Banyuwangi focuses on improving public service
quality, enhancing digital infrastructure, and promoting public participation in the digital transformation. The
creative approach Banyuwangi has taken has won numerous national and international awards, demonstrating that
the smart city concept can be adapted for rural use (Widiyastuti et al., 2021).

Nonetheless, this paper's evidence from observations, interviews, and document analysis shows that
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Banyuwangi is still confronted with several significant challenges in building a sustainable medium-sized smart
city. Difficult access to the internet and technological gadgets in a few villages is one of the hurdles that,
percentage-wise, widens access to information and digital services. The community's digital literacy is also
challenging, as the majority of the rural population is still not fully exposed to or accustomed to using digital
technology in their lives (Sari, 2022; Jang & Gim, 2022). Finally, the collaboration among various stakeholders,
such as local government, the private sector, academia, and communities, needs to be more synergistic to bring together
pre-existing efforts (Emerson & Nabatchi, 2015; Etzkowitz & Leydesdorff, 2000).

Adaptive regulation is also an important factor that remains to be strengthened in the Banyuwangi Smart
City ecosystem. Flexible and innovative supporting policies are needed to foster dynamic technological
development (Kociuba et al., 2023). According to the work of Kociuba et al. (2023), the model of an innovative
city ecosystem is a collaborative framework that develops the technology innovation system and ensures
protection and access to all sides of the innovation process. To stimulate Banyuwangi's ability to nurture a
culture of sustainable innovation, particularly within industries that feature cross-sectorunities, comprehensive
and responsive regulation will be needed (Carayannis & Campbell, 2019; Carayannis, Barth, & Campbell, 2012).
The answers to these calls should also help formulate an adaptive, inclusive digital ecosystem model. In essence, it
should adjust to the local settings (Gor Yainova, 2020; Carmen et al., 2019). In the digital ecosystem model, all
aspects of the innovative city's digital ecosystem should be covered (Bayraktar et al., 2021; Gorelova et al., 2021).

It is an exodus, with an adaptive model of good practice in smart city development, Banyuwangi will not
only have the chance to carry on its tradition but also gain inspiration to encourage many other rural regions in
Indonesia to follow the same path (Widodo & Rahman, 2021; Tura & Ojanen, 2022). Drawing on the Pentahelix
model of innovation (Carayannis & Campbell, 2019) and agile governance (Kociuba et al., 2023), this paper
proposes an adaptive digital ecosystem model to enable sustainable smart city development in Banyuwangi.

The framework is based on three generic pillars, conceptually derived from the imaginative city
governance literature and Indonesia's national digital transformation policy. In the case of Banyuwangi, these are
found to be aligned with the local realities: First, the enhancement of digital infrastructure is in line with the regency
government's streak in increasing accessibility in the Electronic-Based Government System (SPBE) Index and its
effort for extending internet in the rural and urban areas, despite the gap in infrastructure in rural areas still existing.
The second pillar, enhancing stakeholder engagement, corresponds with Banyuwangi's tradition of multi-actor
involvement in its smart village initiatives. However, resonance between the Pentahelix components (government,
business, academia, community, and media) is somewhat lacking. Third, creating adaptive regulations is related
to local demand for policies that can respond immediately to fast-paced technological development and ensure
sustainability and inclusiveness. These three pillars are also instrumental in providing an analytical framework for
evaluating Banyuwangi's existing ecosystem and in developing a contextual digital model that builds on its
strengths and addresses its weaknesses. With such a model, it is hoped that a more holistic solution can be achieved
to address various challenges and harness Banyuwangi's potential as a digital transformation pioneer in rural areas.

RESEARCH FRAMEWORK

This study is intended to be a smart city development model that is adaptive and sustainable in
Banyuwangi Regency. As exc ellent region that has been investing in transforming itself into a digital one via the
"smart village™" scheme, real challenge in "smartifying™ that Banyuwangi now must face is how to handle the gaps
in access to digital infrastructure, the low digital literacy of rural communities, the weak synergy among
stakeholders, and the limited (and not yet responsive to technology development) regulations. To confront these
issues, this study proposes a conceptual model that incorporates various critical factors in building an adaptive
digital ecosystem. Starting from the problem ‘s background and context, based on the Pentahelix theory
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(Carayannis & Campbell, 2019) and agile governance (Kociuba et al., 2023), the conceptual framework ends with
the proposal of an adaptive and sustainable digital ecosystem model. Figure 1 shows schematically this
conceptual framework.

The conceptual framework of this study is the resulting comprehensive philosophical base is designed to
steer the overall study descriptions, from stating the research problem to creating a model.
1. Background and context
This part illustrates the worldwide trend of urban digital transformation and the issues of regional smart city
realization. Banyuwangi was selected as a one-of-a-kind case study given its successful adoption of the smart city
approach in rural settings in the form of "smart village".
2. Problem Identification
Four major issues were raised as barriers to forming a digital ecosystem in Banyuwangi: (1) the disparity in
availability to the internet and technology devices, (2) the low digital literacy of the people, (3) the absence of
synergistic collaboration among stakeholders, and (4) the inadequate regulations accommodating technology.
3. Theoretical Foundation
This framework draws on five theoretical underpinnings: the Pentahelix Model (government-business-academia-
society-media) as a model for collaborative engagement, Agile Governance as a theory of policy agility,
Collaborative Governance Theory for governance management, Triple Helix Innovation as an innovation model,
and the Smart City Ecosystem Model as a smart city ecosystem.
4. Conceptual Framework
The three pillars as the foundation of the Adaptive- Digital Ecosystem model are:(1) building inclusive digital
infrastructure, (2) enhancing stakeholder collaboration, and (3) designing adaptive regulations. The three pillars
are connected and work collectively to the dynamic and sustainable digital ecosystem.
5. Ultimate Goal
The fitting end to this framework is a sustainable Smart City in the Banyuwangi Regency, one that is not only
technologically advanced but also inclusive, participatory and resilient to change, which is figured as an ideal
smart city model."
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BACKGROUND & CONTEXT

- The evolution of digital technology is transforming urban operations globally

- The concept of smart city enables effective urban transformation

- Challenges in implementing smart city at the regional level (infrastructure,
digital literacy, stakeholder collaboration)

- Banyuwangi as a unique case study: implementing smart city in rural areas
through the "smart village” scheme

A

PROBLEM IDENTIFICATION

1. Internet access and technological devices are not evenly distributed across all villages
2. Digital literacy among the community is still low, especially in rural areas

3. Collaboration among stake holders is not yet synergistic

4. Regulations that adapt to technological developments are still weak

A

RESEARCH QUESTIONS
How can an adaptive and sustainable digital ecosystem model
be developed for Banyuwangi Regency?

A

THEORETICAL FOUNDATION
- Pentahelix Model (Carayannis & Campbell, 2019)
(Governmet - Business - Academia - Community - Media)
- Agile Governance (Kociuba et al., 2023)
- Collaborative Governance (Emerson & Nabatchi, 2015)
- Triple Helix Innovation (Etzkowitz & Leydesdorff, 2000)
- Smart City Ecosystem Framework (Caragliu et al., 2011)

v

CONCEPTUAL FRAMEWORK
THREE MAIN PILLARS OF THE MODEL

1. Strengthening
Digital Infrastructure
Equitable internet access,
adequate devices, and
integrated digital
platforms

2. Enhancing Stakeholder
Collaboration
Pentahelix synergy for
innovation and digital
public services

3. Formulating
Adaptive Regulations
Flexible policies,
responsive to technological
developments and
local needs

Adaptive & Sustainable Digital Ecosystem I

Y

ULTIMATE GOAL

The Realization of a Sustainable Smart City in Banyuwangi Regency

Figure 1. Research Conceptual Framework

METHOD

The current research uses an exploratory qualitative method to provide a comprehensive perspective on
how a sustainable Smart City environment can be developed in Banyuwangi Regency (Creswell, 2015). The
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exploratory method is preferred because it has special utility for discovering new phenomena and developing
models, as noted in Mudjiyanto's 2018 view of exploratory communication research. The framework approach is
used inthisstudy asananalytical tool to examine descriptive data across different facets of the phenomenon (Smith
& Firth, 2011). Various methods were used to collect the data, ensuring richness and accuracy, such as in-depth
interviews with different stakeholders (Phadermrod, Crowder & Wills, 2019), fieldwork observations to sight
digital infrastructure, document review and secondary data from government agencies such as Bappeda and
Diskominfo, as well as Focus Group Discussions (FGD) consisting of elements of the Pentahelix (government,
educators, business, community and media). These FGDs focused on each party's visions, priorities, strategies,
and roles and responsibilities in developing the Smart City ecosystem.

The qualitative data were analyzed systematically in NVivo to identify paradoxes and emergent patterns.
The analytical steps are data coding, categorization, and thematic analysis. Moreover, visualization is used in the
form of word clouds and tree map diagrams to depict dominant topics from the perspective of stakeholders (Miles,
Huberman, & Saldana, 2014). A brief analysis of the interactions among factors such as leadership, collaboration,
and strategy, the crucial nodes in the digital transformation arena, has been conducted (Wahyuddin & Wibowo,
2021; Moreira & Macke, 2023). All of these things have laid the foundation for the strategic recommendations
needed to develop an adaptive, sustainable digital ecosystem.

RESULT AND DISCUSSION

Banyuwangi Regency has shown significant progress in implementing the Electronic-Based Government
System (SPBE) from 2018 to 2021. The value of the SPBE Index gradually improved from 3.43 in 2018 to 3.53
in 2021, indicating the strong momentum of the regional government in embracing digital services and good
governance. The digital change in this case involves enhancing the supporting infrastructure and digital apps for
public services, as well as improving the capabilities of human resources. Through the use of SPBE, the regional
tasks of developing economic resilience, building a high-quality human resources pool, accelerating infrastructure
development, and developing a flexible and responsive administration are now based on this digital concept.

However, Banyuwangi faces actual challenges, such as budgetary constraints, as it transforms. In the
above synopsis, public-private partnerships between government, business, and members of society seem to be
becoming even more important than before. Such partnerships ensure a flow of innovations that help public
services to become even more efficient.
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Banyuwangi has built more inclusive and sustainable communities through its many digital projects and
enabling internal policies, and has been recognized nationally for its innovativeness in government management.
NVivo software was used to analyze data from Focus Group Discussions (FGDs) with key actors, including the
local government, the community, and the private sector, to elicit the critical ingredients for the success of digital
transformation in Banyuwangi.
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Figure 1. Word Cloud Results of FGD among stakeholders in Banyuwangi Regency

Figure 1 is a word cloud from the FGD analysis, revealing that the focal words communication,
community, and leadership dominated the discussion. Good communication at all levels — from government to the
public, and from government to government — was identified as crucial. This demonstrates that the commitment
to ensuring everyone involved understands the goals, benefits, and activities of digital transformation is vital. The
community is a pivotal user group for the developed digital services, and the firm's top management is considered
a critical driver of digital transformation success. Communication is the keystone in the foundation of establishing
a comprehensive and efficient digital transformation system.

Communication at the right level allows all stakeholders to properly understand the vision, benefits, and
processes of digital initiatives such as those in the case of Banyuwangi, which also consists of government agencies
(Diskominfo, Bappeda, OPD teknis), business and industry groups, schools, community leaders and village
councils, media organizations, as well as the general public in both urban and rural areas. It connects technical
realisation with societal integration, addressing misinformation and institutional inertia. In an ideal smart city,
advancement depends on open communication among many parties. Consider: town meetings, social networks, community
radio, local television stations, printed newsletters, as well as service applications with feedback mechanisms. The purpose
here is to offer two-way communication — not only dissemination but also listening to the residents. This requires
collaboration for shared ownership as they navigate the digital transformation to suit residents' needs.

Community engagement is hot something that happens; it is the key to the success of technology. The community
cannot simply be presented with a new technology solution from above. They must be considered collaborators and active
players. This means more than simply seeking feedback. To fully involve the community in the process means bringing
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them into the design, prototyping, and testing of new digital services. Involving the community at every stage of the process
will make it more likely that the community will embrace the result and help it develop the skills for a more successful
digital world. Leadership is crucial to the pace and direction of digital transformation.

Strong leaders at the political and administrative levels (vision and political support) are needed to
advance the smart city agenda, secure the necessary resources, and overcome institutional inertia. They provide
an overarching Strategy, establish the context for innovation, and permit civil servants to take informed chances.
More than championing, good leadership must orchestrate and enable cross-cutting coordination within and across
the complex, multi-stakeholder matrix of diverse government agencies, private-sector collaborators, and academic
institutions to develop the synergies and coherence needed to successfully evolve and deliver an integrated,
anticipatory national digital policy.

In addition, Figure 2 Tree Map shows the topic distribution based on the number of coding references
retrieved for the NVivo analysis. Keywords like the Strategy for the Smart City, leadership, SKPD (S)
relationship, and development of the State Civil Apparatus (ASN).

Smart city strategy Leadership Relationships between
SKPDs

Civil Service Development

Performance Evaluation

Figure 2. Tree map Diagram of FGD Results among Stakeholders in Banyuwangi Regency

The above explanation of several subsystems and categories describes intricate dynamics of the
digital transformation in Banyuwangi. The Smart City policy in Banyuwangi is a leading umbrella policy that
includes specific digital infrastructure development, the installation of fiber-optic cables in sub-district centers,
the expansion of public WiFi at village offices and schools, and the facilitation of digital access for the community
at community learning centers. The development of technology-based public services includes Lapor Banyuwangi
(a citizen reporting platform), SIPANDU (an integrated village information system), and e-SIK (an electronic
health information system), transforming manual systems into digital ones. These digital solutions have delivered
demonstrable results in improving citizens' living standards, such as shortening permit processing time from 5-7
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days to 48 hours; enabling farmers to access real-time market prices via mobile applications; and providing digital
literacy education to students in remote areas to address educational gaps.

Discussion among stakeholder groups emphasize the importance of integrating this approach with
sustainable strategic planning and partnership between the private sector and society. The basis for this Strategy
is a leader with sufficient power to move it forward. The leaders of the Regency and the Regional Apparatus
Organizations (OPD) play an important role in implementing the digital transformation strategy, as evidenced by
the Regent's instruction to allocate 15% of the regional ICT budget to rural digital infrastructure and the creation
of the Digital Transformation Task Force. The leader requires vision and the ability to make strategic decisions in
a digital innovation environment.

Furthermore, the quality of Inter-SKPD Relations is a significant factor in the successful implementation
of the Strategy. The issue of synergistic cooperation between government agencies in Banyuwangi Regency is
related to this Strategy. Cooperation and proximity between SKPDs are also essential to ensuring that any digital
program is implemented in a coordinated and effective manner, without disrupting one another in the process of
building a digital ecosystem. The growth of the State Civil Apparatus (ASN) is a requirement for operationalizing
these digital programs and cannot be overlooked. It is crucial that the ASN's skill development, including training
and digital skills upgrading, is supported to ensure that public officials are better equipped and prepared to manage
digital change. In conclusion, the entire process must be accompanied by a functional system of public
performance appraisal. The quality appraisal of the digital program's performance is supported by a set of KPIs
that measure all targets, providing helpful feedback for ongoing assessment and policy development.

The relationships among nodes are also crucial for understanding the dynamics of Banyuwangi Regency's
digital transformation. All these essential factors involved in transformation, such as leadership, cooperation
between SKPDs, cooperation in ASN development, and innovative city strategies, are interlinked, meaning they
will NOT occur in isolation but as a robust system.

The model described above is based on data from Focus Group Discussions (FGDs). These connections,
revealed through NVivo analysis of stakeholders' narratives, materialized in governance as local practice in
Banyuwangi. Strong leadership, such as the Regent's order to accelerate digital transformation, has led to greater cooperation
between agencies, as demonstrated by a cross-OPD Digital Transformation Task Force mandated to meet monthly for program
coordination. This also involves support for human resource capacity building in digital competencies as part of
compulsory training for ASN, with 500+ officials trained in data literacy and e-service management thus far in
2023.

Itis also the result of leadership that supports a more effective implementation of the new city concept, as
witnessed in the speedy adoption of the SIPANDU (village information system) by 189 villages through joint
SKPD budgeting and technical assistance. Likewise, good coordination between SKPDs — that is, between
Diskominfo and Dinas Pendidikan — yields synergy in digital patterns, one of which is the smart school scheme,
which now also utilizes the same broadband infrastructure funded by the office communications, thereby avoiding
duplication of costs.Diagram 5: Relationship between concept, element, and principles in sustainable ITCR. This
relationship diagram transforms abstract node-linkages into tangible, actionable ones, in which operational
synergies are observable and can be coalesced to build a strong core that can sustain digital transformation in
Banyuwangi Regency.
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Leadership (associated) Relationships between SKPDs Relationships between SKPDs
Smart City Starategy (associated) Leadership (associated) Tourist Destination

Relationships between SKPDs

Leadership
(Associated)

Civil Servant Development

Figure 3. Diagram of the Relationship between Nodes (Key Elements) in Digital Transformation in
Banyuwangi Regency

Based on field visits and interviews with stakeholders, this analysis shows that success in digital
transformation in Banyuwangi depends not only on technology but also on leadership, multi-stakeholder
collaboration, and human resource (HR) capacity. For example, our lines of inquiry show that leadership
commitment has led to a regency-level digital roadmap and budget prioritization, resulting in increased private-
sector participation in cofinancing village internet access points. Cross-sector cooperation is evident in the co-
creation of the Lapor Banyuwangi application, which involves university students, local universities, and
community representatives who together help ensure the application's usability for rural citizens. Village officials
tailored capacity-building to energize new HR development; 40% uptake of e-gov services supports progress over
the past two years. In this regard, the relations between nodes offer a conceptual map and substantiate the
perception that interaction and collaboration across different hierarchical levels of government and community
sectors can materialize a more inclusive and creative smart city vision.

Figure 3 is a graphical representation of nodes that provides a general understanding and includes several
aspects that contribute to the success of digital transformation in Banyuwangi Regency. Each relationship suggests
that various factors, such as leadership, inter-SKPD relations, ASN development, and an innovative city strategy,
are at play and affect one another.

Strong leadership is the primary driver of the digital transformation ecosystem as a whole. The leader is
not only accountable for developing efficient and creative city strategies but also for ensuring that civil servants
(ASNSs) have the capacity to run diverse digital programs.

Moreover, the type of leadership in the region is decisive for the tightness of cooperation among SKPDs
and its synergy with the successful implementation of the programs. Inter-agency coordination between SKPDs is
the foundation of integration, ensuring the digital movement does not become isolated. To achieve this, a
competent leader would work to create conditions that foster communication and to break down the bureaucratic
walls that routinely block interdepartmental collaboration. Good leadership will enable civil servants to receive
proper, relevant training, thereby continually enhancing their competence in line with the needs of digitalization.
The development of human resources is, in and of itself, the basis for supporting and facilitating future digital
programs. Based on the results of the cloud, tree map, and node relationship analysis, the following findings were
obtained in Banyuwangi Regency concerning digital transformation success:
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» The results of the word cloud analysis suggest that words such as ‘communication,' ‘community," and
'leadership’ were at the forefront of stakeholder conversations, suggesting their central importance in
the context of the change process.

» Tree map analysis revealed the most dominant thematic clusters were "smart city strategy" (with the
most coded passages), "leadership,” "inter-SKPD relations,” "ASN development,” and "performance
evaluation," indicating the focal areas of intervention.

* Node relationship analysis also revealed strong two-way relationships between leadership and other
nodes; for example, leadership directly influenced collaboration among SKPDs, which, in turn,
influenced the delivery of digital services and the development of ASN competencies.

Overall, the extent of the digital transformation in Banyuwangi depends on interrelated key factors rather
than a single factor. This result is consistent with the study by Caragliu et al. (2011), which affirms that smart
cities are not only about technology but also about enhancing synergies among innovation, governance, and citizen
involvement. Communication between the government, the public, and agencies needs to be facilitated to develop
a digital-friendly environment.

Leadership can help to lead the organization towards a successful, sustainable city strategy, and SKPD
collaboration is indispensable to the process of programmed coordination. This multi-stakeholder collaboration is
essentially the core of the collaborative governance regime framework literature (Emerson & Nabatchi, 2015) and
involves building collaborative structures to attain shared public goals. Further, the performance evaluation of
ASN and the improvement of ASN competency are critical factors supporting the success of digital transformation.

The model development of the Smart City for Banyuwangi Regency is an answer to detailed local needs,
grounded in the uniqueness of regional potentials and supported by empirical results, including field research,
observation, electronic interviews, and document analysis. The model also needs to ensure equal digital access in
rural areas—35% of villages still face connectivity issues—through targeted infrastructure investment. It also
builds on Banyuwangi's tourism and agricultural prowess with 10T solutions for innovative tourism management
and precision farming, which had emerged as a community in each community consultation session.

The model is also built around existing local initiatives, such as the Lapor Banyuwangi citizen reporting
platform and the SIPANDU village information system, which have been operating in pilot villages and helping
villages improve their services and community engagement. Introducing a whole-of-society approach, the model
seeks to foster synergy among government, the private sector, academia, the community, and the media to forge
an adaptive, sustainable digital ecosystem that enhances community life.

The Pentahelix framework in this model aligns with the perspectives of Carayannis et al. (2012), affirming
that a system of interaction among five knowledge helices, which considers the environment as the fifth pillar,
holds that innovation and sustainable development are linked. Led by its outstanding achievements, Banyuwangi
Regency is working to bring regencies and cities across Indonesia to level up, particularly in building smart cities
that reflect local wisdom and characteristics.

The Banyuwangi Smart City/Smart Village System Model and Philosophy adopt a holistic approach and
emphasize multi-stakeholder partnership, visionary leadership, and community vocation as essential to the success
model. The importance of public participation in the model of a smart city is its relevance to an inclusive model,
where citizens are part of the development process (Hollands, 2008). With the synergy between the Pentahelix
elements, this model is capable not only of effectively driving technological innovation but also of increasing
social and economic quality of life and a friendly environment, which aligns with the focus on sustainability-
oriented innovations (Tura & Ojanen, 2022). Through its Connect, Collaborate, and Celebrate initiatives,
Banyuwangi can continue building an adaptive Smart City ecosystem and inspire other regions in Indonesia to do
the same.
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In this ecosystem model, the local government serves as the leader and coordinator, first inviting
stakeholders to play an active role. Regional Apparatus Organizations (OPD) actors play the roles of regulator,
policy maker, and provider of infrastructure. At the same time, the business sector is a technology investor and
enabler in the implementation of digital infrastructure. Academia contributes its research and solutions for the
future; the community aligns, provides feedback, and ensures that the public is an active participant. The media
had also had a role in informing and educating the public about the advantages of digitalization. All of these
components are linked and work synergistically to realize Banyuwangi's smart City agenda: the establishment
of a Digitally Inclusive and Resilient ecosystem (Figure 8). Based on the pentahelix model of collaboration, this
framework also defines clear roles for each stakeholder, contributing to an adaptive and sustainable Smart City.

In the Banyuwangi Smart City Ecosystem Model, the actual process of digital transformation and
innovation is characterized by collaboration and the inclusion of the most incredible possible diversity of players
and approaches in building and developing the solution and the system itself (Caragliu et al., 2011). Banyuwangi
plans and integrates all elements of the solution, including enhancing human capital and improving governance
processes, rather than merely improving technology.

Its solution-focused, iterative planning strategy reflects the model's understanding of grassroots realities
while maintaining a global perspective. The eight-step implementation process of the Smart Kampung model
progresses in the following manner: (1) assessing the online literacy of the area, (2) installing basic online
infrastructure, (3) developing online e-governance platforms, (4) testing 10T integration within key sectors, (5)
solidifying online stakeholder networks, (6) interlinking the whole ecosystem, and (7) adjusting policies through
continuous learning to ensure long-term viability.

Banyuwangi has taken a deliberate approach in Stage 4 by adopting global loT trends but addressing local
agriculture issues with soil moisture sensors and precision irrigation in drought-prone regions — a technology
that cuts water consumption by as much as 30% without compromising crop yields, as witnessed in pilot villages.
Stage 3 While developing mobile apps with vernacular user interfaces and offline modes to meet rural users' needs
for reachable public services, directly tackles place-based digital divide Meanwhile, Stage 3 addresses local
demand for accessible public services by creating mobile apps with vernacular user interfaces and offline modes to
meet rural users' needs for reachable public services, directly tackling place- based digital divides. No mere
importing of global technological trends, but rather a careful contextualization for particular local problems,
working in and through local culture, building on existing local community structures.

Moreover, the emerging city ecosystem and community participation, with community thinking and
acting, emphasize the role of the public in the involvement in development planning and management of Smart
Kampung, in accordance with Hollands' (2008) suggestion that Smart Cities need to be inclusive, and citizens
have to take part in the development process.

The Banyuwangi Smart City/Smart Village ecosystem prototype is an integrated model, with cooperation
among all stakeholders, good governance, and community empowerment as the primary keys. With the
convergence of the Penta helix, this paradigm transcends technological innovation to social and economic
innovation, yielding a more sustainable and inclusive society. Through the three strategies Connect, Collaborate,
and Celebrate, Banyuwangi may continue to build its dynamic Smart City ecosystem and be a model for other
parts of Indonesia.
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Figure 4. Banyuwangi Smart City Ecosystem Model, adapted from the Pentahelix framework,
with each component implemented through the following programs and policies

Banyuwangi has institutionalized each element of this ecosystem model with computable programs and
policies. The digital infrastructure materialized through the extension of the fiber-optic cable network to reach
70% of villages and the provision of public WiFi access at 25 strategic service points, with investments from
teleco operators such as Telkomsel and Indosat in the expression of the role of business/media. Adaptive policies
are pursued through Regent Regulation No. 12/2022 on digital innovation and a regulatory sandbox scheme that
permits the testing of 10T technology in agriculture, resulting in a 30-percent reduction in water use in five pilot
villages.

Community participation gets a boost through the Digital Ambassador campaign, which has trained 250
youth to serve as digital literacy agents, and the SIPANDU platform, which has boosted citizen participation in
village deliberations by 40%. By working with Banyuwangi State Polytechnic, scholars help develop innovative
solutions, such as intelligent tourism algorithms. While the new Digital Transformation Task Force, led by the
regional secretary, has the overarching responsibility for leadership and coordination, including 15 regional
apparatus organizations, it meets monthly to discuss digital initiatives. Therefore, this model not only serves as a
conceptual lens for viewing but has also been explored in the governance of Banyuwangi to provide a more
inclusive and sustainable nature-based digital transformation.

The following section presents a concise explanation of three key components of an adaptive digital
ecosystem model developed within this study. These elements form the core of smart city development in
Banyuwangi. These three dimensions — i.e., bolstering digital infrastructure, fostering multi-stakeholder
engagement, and formulating adaptive policies — not only emerged as dominant themes in the data analysis but

also constitute interrelated, mutually supportive, and operational frameworks. This section is exempt to ensure that
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all observations remain organized while still proving that the entire image is important—the three or four parts
work together in harmony. Through fieldwork observations, in-depth interviews, and focus groups, this is how all
aspects unfold in Banyuwangi and contribute to building an inclusive, resilient, and sustainable digital ecosystem.

In the model above, having a solid digital foundation enables the "city system" to be "both resilient and
innovative." Banyuwangi's vision is to bridge the digital divide by providing fast connectivity to remote villages
and building data platforms that enable real-time public service delivery. Nevertheless, what the study
unequivocally shows is that merely having digital infrastructure will not be sufficient. What needs to be done is
the implementation of digital literacy education for the local populace in the provinces, and the provision of more
reliable telecommunications operators with better infrastructure. Technology is not the ultimate goal but rather
the multiplier of human talent. The paper calls attention to the importance of the continuous collaboration among
the players of the Penta-helix model: government, private sector, academic institution, community, and media.
This is implemented in Banyuwangi through partnership forums, co-creation activities, and shared financing. This
is exemplified by the development of the Smart Kampung application, intended to integrate multiple interfaces.
Universities, telecommunications companies for network deployment, and village heads for collecting feedback.
This shared governance model enabled digital solutions tailored to local needs, adopted on a large scale, and financially
sustainable.

This article promotes regulatory structures that can accommodate change along with technological
development. In the region of Banyuwangi, the approach to regulation is becoming more adaptable, ranging from
the development of sandboxes for the Internet of Things applied to Agri farming to public procurement regulations
refocused on scalable, open-source digital platforms. Such factors make it easier to pursue innovation and to
maintain a focus on holding individuals accountable for their actions to avoid adverse outcomes. Lessons from
vision-oriented authorities on adapting to change, to some extent, have contributed to the development of space
for technological experimentation for the public good.

In short, the model presented here is based on three key pillars: improved infrastructure, shared
governance, and dynamic regulations, led by leadership that is brave, collective, professional, as well as diverse."
When you combine motivated talent and technology, strong yet collective, professional, and diverse leadership is
a key factor for adequate progress in this mix. Thus, we have to understand the success of digital transformation
as resulting from system integration rather than a collection of isolated elements. The practical implication is that
future smart city planning answers and solutions should not be based on "isolated" technology-based investments,
but rather on whole-system, balanced investments that consider investment in the non-technical portion at par
with investment in technological infrastructure. Hence, the Banyuwangi ecosystem model is a strategic,
humanistic approach to developing sustainable smart cities in Indonesia.

CONCLUSIONS

Firm and fair digital infrastructure today is a fundamental enabler of sustainable smart city development
in Banyuwangi, as this study concludes. Despite some progress, disparities in rural internet access and the
availability of digital devices continue to be obstacles to an inclusive transformation. This infrastructure must have
a physical dimension but should also parallel investments in digital literacy and the ability to maintain technical
systems locally. Hence, it will be necessary for the government of the regency to spur the rollout of the high-speed
internet network, particularly in remote and isolated villages, through innovative financing schemes, including
Public-Private Partnerships (PPP). At the same time, result-driven digital literacy programs for rural citizens and
technical training for local operators need to be expanded to achieve sustainable establishment and utilization.
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The results also highlight that successful Penta helix (government, private sector, academia, community,
and media) cooperation is indispensable for developing digital solutions that are both contextual and widely applicable. In
Banyuwangi, although some collaborative practices exist, they are scattered and unstable. It was thus proposed
that regular multi- stakeholder collaboration forums be institutionalized as co-creation platforms. These
should encourage joint planning, the sharing of resources, and equitable feedback. The local government should
urge the formation of partnerships that clearly lay out what everyone does, who benefits, and why it is important.

A reading of this literature suggests that adaptive regulatory frameworks are most conducive to innovation
while taking public accountability and sustainability into account. A reading of the current situation in Banyuwangi
reveals a more reactive policymaking system, making it difficult for investors and innovators to gain clarity. It can
be advised in this regard that the regency should encourage a more conducive regulatory environment, relaxing
the conditions of visits with the assistance of policy sandboxes, testing new technology in the domain of
agricultural tourism with 10T, for example, as well as simplifying public procurement procedures for scalable
open-source technology in the digital domain. Moreover, innovation in the region might also derive from
innovators focusing on local startups developing new technologies in the digital domain, thereby making a more
profound social impact. Any modifications to the regulations, in other words, have to incorporate agility, equity,
and sustainability in the environmental domain.
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