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Abstract

This study explores the feasibility and strategic pathways for implementing
a smart city framework in Bukhara, Uzbekistan—a city of rich cultural
heritage currently undergoing early-stage urban digital transformation.
Using a mixed-methods empirical approach, this research analyzes existing
digital infrastructure, levels of citizen engagement, and environmental
performance indicators within the urban context of Bukhara. The findings
reveal critical gaps in interoperability, public participation, and data
governance, while highlighting emerging opportunities in transportation,
municipal services, and green innovation. A localized smart city readiness
model is proposed, integrating three core pillars: citizen engagement,
environmental sustainability, and digital governance. This model aims to
guide policymakers, urban planners, and stakeholders in developing
scalable and context-sensitive smart city solutions that preserve Bukhara’s
historical identity while promoting sustainable urban modernization. The
study contributes to the limited body of empirical research on smart cities
in Central Asia and provides a replicable framework for other mid-sized
historic cities transitioning into the digital era.

Keywords: smart cities, digital governance, urban sustainability, citizen engagement, heritage
preservation, Bukhara.

Introduction

More than two-thirds of the world’s population is projected to live in urban areas
by 2050, intensifying pressures on infrastructure, services, and the environment. In
response to these challenges, cities globally are embracing “smart city” strategies as a
means to foster sustainable development, enhance quality of life, and manage resources
wisely through technology and innovation. A smart city is generally understood as one that
strategically invests in human and social capital, and deploys traditional infrastructure
alongside modern ICT (information and communication technologies) to fuel sustainable
economic growth and high quality of life — all underpinned by wise management of natural
resources and participatory governance. In essence, smart cities leverage digital solutions
(sensors, data analytics, e-services, etc.) to optimize urban systems (transport, energy,
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water, public services) in a way that is both efficient and inclusive. This model has gained
prominence worldwide, not as a techno-utopian end in itself, but as an urban development
paradigm promising to reconcile prosperity with sustainability.

Bukhara is an ancient Silk Road city with a population of roughly 280,000 and a
UNESCO-listed historic center. The city’s rich cultural heritage and growing tourism
economy make it both an attractive and sensitive candidate for smart city implementation.
In recent years, Bukhara has seen initial “smart” interventions — for example, a Safe
Tourism pilot project was launched in 2018 to deploy CCTV cameras with facial
recognition, a unified command center, and a dedicated communication network to enhance
public safety for tourists. This pilot, part of the national “Safe City” program, reflects the
government’s interest in leveraging technology for urban management in Bukhara. At the
same time, Bukhara faces gaps in basic urban services (e.g. aging water infrastructure,
traffic congestion, pollution) that smart solutions might help address. The city’s readiness
for digital transformation — in terms of infrastructure, institutional capacity, and citizen
digital literacy — remains an open question. These dynamics underscore the need for a
tailored research approach to guide Bukhara’s smart city journey.

Research problem and objectives: Limited empirical research exists on applying
global smart city concepts to secondary Central Asian cities like Bukhara. This study
examines Bukhara's readiness for smart city implementation and identifies context-specific
strategies. The objectives are to: (1) assess readiness in terms of digital infrastructure,
human capital, and institutions; (2) evaluate citizen engagement and societal factors; (3)
analyze environmental sustainability indicators and challenges (transport, water, energy,
pollution); and (4) investigate digital governance and public service delivery. The study
proposes a conceptual framework and roadmap balancing technological innovation with
sustainability, governance, and cultural-historical sensitivities.

Central research question: How can Bukhara effectively implement smart city
initiatives to improve urban sustainability and livability, given its current readiness,
governance context, and citizen needs?

Supporting questions: What smart technologies and digital services exist or are
planned? What gaps exist in critical urban sectors? How engaged are citizens with digital
platforms? What governance mechanisms and indicators can guide Bukhara's smart city
roadmap?

Literature Review

The term “smart city” encompasses a broad range of ideas, but most definitions
converge on certain core dimensions. Caragliu et al. (2011) famously define a smart city as
one that invests in human capital (education, skills) and ICT infrastructure to drive
sustainable economic growth and enhanced quality of life, coupled with wise management
of natural resources through participatory governance.[2] This highlights that smart cities
are not only about fechnology, but also about people and institutions. Many scholars frame
smart cities as built on multiple interrelated pillars or components. For instance, [5] outline
four fundamental pillars of a smart city: institutional infrastructure, physical infrastructure,
social infrastructure, and economic infrastructure. These roughly correspond to governance,
built environment/technology, human capital & quality of life, and economic development
capacity. The European Union’s framework expands this into six thematic “smart”
dimensions — typically cited as smart economy, smart mobility, smart environment, smart
people, smart living, and smart governance. This hexagonal model (after Giffinger et al.,
2010) has been widely adopted as an integrated way to assess smart city performance using
indicators in each domain. Notably, governance and citizen participation (“smart
governance” and “smart people”) are considered just as critical as hard infrastructure and
ICT (“smart mobility” or “smart environment”). The literature thus suggests that a holistic
approach — combining technological innovation (“hard” factors) with social innovation and
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good governance (“soft” factors) — is necessary for a city to truly be “smart”. In practice,
however, achieving this balance is challenging; many smart city projects tend to emphasize
technology deployments (sensors, data platforms, automation) while only rhetorically
addressing inclusivity and citizen empowerment. This hard—soft dichotomy is an ongoing
debate in smart city research (Nam & Pardo, 2011; Hollands, 2008), underscoring the
importance of treating smart cities as socio-technical systems rather than purely technical
solutions.

Methodology

This research employs an empirical mixed-methods approach tailored to Bukhara’s
context, combining analysis of secondary data with primary insights gathered from local
stakeholders. The study is structured around a conceptual framework that we developed
based on the literature review and the specific dimensions relevant to Bukhara — namely,
the city’s readiness (infrastructure and human capital), digital governance capacity,
environmental sustainability indicators, and citizen engagement. This framework
(illustrated in Fig. 1.) guided both data collection and analysis, ensuring that we address
each dimension systematically.

Conceptual Framework for Smart City Implementation in Bukhara

Infrastructure &
Human Capital Readiness

« Technology adoption
= Infrastructure development

Citizen Engagement Digital Governance

Smart City

» Public participation Implementation - Effective institutions

- Community involvement = - E-govemnance systems
- Stakeholder feedback in Bukhara - Administrative capacity

Environmental
Sustainability Indicators

= Environmental management
« Resource efficiency

Fig. 1. Conceptual framework for Smart City implementation in Bukhara.

Four key dimensions — Infrastructure & human capital readiness, Digital
governance, Environmental sustainability indicators, and Citizen engagement — collectively
influence the outcomes of smart city implementation in Bukhara.

Secondary data collection: We gathered quantitative and qualitative secondary data
from a range of official sources and recent studies. This included:

Urban statistics and infrastructure data: We obtained data on Bukhara’s population,
infrastructure, and services from the State Committee of Statistics of Uzbekistan and city
authorities (e.g. proportion of households with internet access, number of mobile
subscribers, public transport availability, etc.).

For example, national figures show internet penetration in Uzbekistan has grown to over
76% by 2023 (and over 31 million internet users in 2024, roughly 89% of the population),
which provides context for Bukhara’s connectivity level. We also reviewed the Bukhara
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region’s development plans and infrastructure projects (such as the Asian Infrastructure
Investment Bank’s project on water supply improvement) to gauge ongoing “smart”
infrastructure investments.

E-government and digital service data: We analyzed data on usage of the Unified
Portal of Interactive Public Services (my.gov.uz) and other e-government platforms. As

of 2024, over 60% of all public services in Uzbekistan are delivered online via
my.gov.uz (with 675 services available).

Fig.2. Digital Infrastructure Indicators and Targets.

Digital Infrastructure Indicators and Targets
100%

90%

80%
70%
60%
50%
40%
30%
20%
10%

0%

Internet Access Mobile Coverage Digital Services E-Government

I National Level (%) [ Target 2025 (%)

Environmental and transport indicators: Secondary data on environmental indicators
(air quality reports, municipal waste management statistics, etc.) were gathered from the
State Committee on Ecology and local environmental authorities.
The data reveals that Bukhara prioritizes large-scale infrastructure projects over distributed
environmental monitoring systems, with a 45-percentage-point gap between the highest and
lowest implementation rates.
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Fig.3. Environmental Project Implementation Status
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Primary data collection: Given the exploratory nature of this study and the limited
published research on Bukhara, we conducted semi-structured interviews and a small-scale
survey to gather first-hand insights:

Interviews: We interviewed 10 key stakeholders in Bukhara through a combination of in-
person and telephone interviews. These included: 3 officials from the Bukhara city
hokimiyat (mayor’s office) and regional Department of Digital Development, 2
representatives of local public utilities (water and transport departments), 2 business
community members (an IT entrepreneur and a tourism agency manager), 2 academics
from Bukhara State University, and 1 representative of a local NGO involved in urban
issues. The interviews, conducted in Uzbek or Russian with translation as needed, followed
a guide covering topics such as current digital initiatives in the city, infrastructure gaps,
citizen responsiveness to new technologies, and perceived barriers to smart city projects.
Each interview lasted ~45—-60 minutes. The qualitative data from these interviews provided
context on institutional readiness, governance challenges, and stakeholder attitudes.

Survey: We also carried out a brief questionnaire survey of Bukhara residents to capture
citizen perspectives. The survey was distributed online via social media groups relevant to
Bukhara (yielding 50 responses) and in paper form in two mahalla (neighborhood)
community centers (yielding another 30 responses). In total, 80 residents responded
(approximately 60% male, 40% female; ages ranging from 18 to 65, with the median in
mid-30s). The survey asked residents about their access to the internet and smartphones,
usage of e-government services (e.g. “Have you used the my.gov.uz portal or the city
website in the past year?”), awareness of any smart city projects (such as CCTV cameras or
smart meters), their main urban issues of concern, and willingness to use new digital tools
(like a city mobile app or e-participation platform). It also invited suggestions for
improving city life through technology. While not a large sample, the survey provides
illustrative insights into citizen engagement and digital literacy in Bukhara.
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Data analysis: We used a thematic analysis approach for qualitative data (interview
transcripts and open-ended survey responses), coding the data according to the four
framework categories: readiness/infrastructure, governance, environment, and citizen
engagement. Recurrent themes (e.g. “lack of public Wi-Fi”, “difficulty of older people in
using e-services”, “traffic problems”, “transparent governance demand”) were identified.
For quantitative data from the survey and secondary sources, we compiled descriptive
statistics (frequencies, percentages) to gauge levels of digital adoption (such as the
percentage of respondents who have used e-government services, or internet penetration in
Bukhara vs national average). We also compared Bukhara’s indicators with national
benchmarks or other cities when possible, to contextualize its standing (for example,
comparing the local e-service uptake rate to the national 2.5 million e-gov app users).

The conceptual framework (Figure 1) was used as an analytical lens to integrate
findings. Essentially, we examined how Bukhara’s infrastructure and human capital
readiness (e.g. telecom networks, digital skills) influence and constrain its smart city
initiatives; how digital governance (policies, institutional coordination, e-services) is
developing; what environmental conditions and projects are relevant (air, water, energy
systems) and how smart approaches could improve them; and the extent of citizen
engagement (from basic usage of digital services to involvement in planning). By mapping
the data into these dimensions, we could identify which areas are more advanced and which
are lagging.

It should be noted that due to limited time and scope, the primary data (interviews
and survey) serve as exploratory evidence rather than a definitive assessment. Insights from
stakeholders were triangulated with official information where possible. Any anecdotal or
inferred points (e.g. stakeholder perceptions of citizen attitudes) are treated cautiously and
attributed accordingly. This mixed-methods design — blending quantitative indicators with
qualitative context — is appropriate for capturing the multifaceted nature of smart city
readiness in Bukhara, and for formulating recommendations that are grounded in both data
and local realities.

Results and Discussion

Using the framework of readiness, governance, environment, and engagement, this
section presents the findings on Bukhara’s progress and gaps in its journey toward
becoming a smart city. We interweave results with discussion, comparing Bukhara’s
situation to best practices or experiences elsewhere, as well as to the literature reviewed.
Specific examples from Bukhara — such as its digital public services, transportation system,
environmental projects, and community initiatives — are highlighted to illustrate each
dimension.

Infrastructure Readiness and Digital Capacity

Connectivity and ICT infrastructure: Bukhara’s basic digital infrastructure has
improved markedly in recent years, though some gaps remain. According to officials in the
regional telecommunications department, as of 2024 an estimated 80% of households in
Bukhara have internet access, mostly via mobile broadband. This mirrors the national trend
of expanding connectivity (Uzbekistan’s internet penetration reached ~89% of the
population in 2023). The city is well-covered by 3G/4G cellular networks, and fiber-optic
internet has been extended to many public institutions and businesses in the city center.
Bukhara was also one of the early cities connected to Uzbekistan’s fiber backbone, given its
importance as a tourism and economic center. However, internet reliability and speed are
variable: stakeholders noted that while 4G coverage is generally good, the quality of
connection (e.g. bandwidth) can drop in certain districts or during peak usage times. The
city lacks a widespread free public Wi-Fi network; currently, free Wi-Fi is available only in
some tourist areas and government service centers. Electricity and power infrastructure, a
critical backbone for any smart city technology, is relatively stable in Bukhara compared to
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rural areas, but occasional outages do occur, which could affect smart systems if not
mitigated with backups. Overall, Bukhara’s ICT infrastructure is reasonably advanced for
the region, indicating a solid foundation for smart solutions. This is an element of readiness
— having the necessary “hard” infrastructure — where Bukhara performs well, aligning with
the literature that cites infrastructure as imperative for smart cities. Continued investment
(e.g. 5G networks in future, more fiber) will further strengthen this readiness.

Human capital and skills: A city can only be as smart as its people are able to
utilize technology. Bukhara benefits from a young, growing population and several higher
education institutions (universities and colleges) producing graduates in IT and engineering.
The digital literacy of the general public, however, is mixed. The survey results suggest that
among younger respondents (under 30), nearly all use smartphones and are comfortable
with basic apps (social media, messaging, mobile banking), and about 70% had used an e-
government service online at least once. By contrast, older residents (especially above 50)
often rely on assistance to use digital services; several interviewees pointed out that in
many mahallas, community leaders or younger family members help elderly citizens file
applications on the my.gov.uz portal or navigate smartphone functions. The government has
initiated digital skills programs as part of the “Digital Uzbekistan 2030 strategy, but on-
the-ground training in Bukhara has been limited so far (e.g. some free coding clubs for
youth, but nothing large-scale for digital literacy of the general populace). Administrative
capacity is another facet of readiness: does the local government have knowledgeable staff
to plan and maintain smart systems? Here, interviews with city officials revealed a capacity
gap. While Bukhara’s hokimiyat has an IT department, it is small (a handful of specialists)
and mostly focused on maintaining existing computer networks and the city website. There
is reliance on the central government and external vendors for expertise in more complex
projects (for instance, the Safe City surveillance deployment was led by national agencies
and Huawei, with local staff mainly in a supporting role). This reflects a common situation
in mid-sized cities — the need for capacity building so that local institutions can
independently manage smart city initiatives long-term (Yigitcanlar, 2015). In summary,
Bukhara’s human capital readiness is moderate: the population is increasingly tech-aware
and young talent is available, but efforts are needed to upskill civil servants and ensure
digital inclusion for all age groups.

Digital services and e-government uptake: One tangible measure of readiness is
the extent to which existing digital public services are utilized. Bukhara’s residents have
been gradually embracing e-government solutions in recent years. All basic public services
(such as applying for birth certificates, paying utility bills, registering for permits) are now
available online via the unified portal my.gov.uz or relevant ministry websites. According to
data from the E-Government Projects Management Center, Bukhara region accounted for a
healthy share of online service usage — in 2023, residents of Bukhara submitted around
500,000 online applications through my.gov.uz (approximately 5% of the national total) and
the usage growth rate was over 30% year-on-year. Local officials noted that services with
particularly high uptake include utility payments and obtaining certain certificates, largely
because these online services save residents from traveling to Tashkent or regional centers.
The Local Online Service Index (LOSI) pilot by the UN in 2023 placed Bukhara as the top
performer among Uzbek cities, with a LOSI score of 0.63 (63%) — indicating a robust
online service offering and institutional support for e-governance. This is a positive sign
that the city’s governance systems are adapting to digital modes (more on governance in the
next subsection). On the other hand, our survey revealed that a significant minority of
citizens still prefer traditional in-person service access due to habits or trust issues — around
40% said they had never used the internet to interact with government, preferring to visit
offices or rely on intermediaries. This points to the need for ongoing outreach to build
confidence in digital channels. Still, overall usage trends are upward, suggesting that
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Bukhara’s population is increasingly ready to engage with smart city services if they are
well-designed and accessible.

In comparison to global benchmarks, Bukhara’s infrastructure readiness is that of a
city in transition — better off than many developing-world cities lacking basic connectivity,
but not yet at the level of a fully “ubiquitous” city with seamless digital infrastructure. The
concept of ubiquitous cities (u-city) in places like South Korea (Songdo, etc.) involves
near-total connectivity and sensor pervasiveness (Shin & Shin, 2012), which is far beyond
Bukhara’s current state. However, Bukhara does not necessarily need to replicate that
model; a more incremental and context-appropriate approach can yield substantial benefits.
The readiness findings highlight that foundational elements (internet, mobile tech, basic e-
services) are largely in place, providing a platform upon which more advanced smart
solutions can be built. The next subsections discuss how these solutions are beginning to
manifest in governance, transport, environment, and citizen life.

Digital Governance and Public Services

E-government development: Bukhara’s progress in e-government forms a
cornerstone of its smart city trajectory. As noted, Uzbekistan has rapidly expanded digital
public services nationwide — achieving a “very high” E-Government Development Index
ranking by 2024. Locally, Bukhara’s administration has digitized many internal processes
and citizen services. For example, the Bukhara City Hokimiyat now accepts online
applications for things like business licenses and land use permissions through a regional e-
government platform that feeds into the national system. In interviews, officials reported
that around 70-80% of routine paperwork has been moved to electronic format, reducing
processing times and opportunities for petty corruption. One official gave the example that
“issuance of a standard certificate that used to take a week and multiple office visits can
now be done in two days online, with a single visit just to pick up the certified document.”
Such improvements echo global findings that digitalizing government can enhance
efficiency and transparency.

Integrated platforms: A significant initiative under the “Digital Region” program
is the development of a regional data center and integrated information system for Bukhara
region. This system, still in progress, aims to connect various databases (property records,
utility databases, resident registries) so that government services can be “one-stop.” While
not yet fully realized, partial integration is happening — for instance, the my.gov.uz portal
automatically pulls a citizen’s residence registration from the Ministry of Interior database
when they apply for local services, eliminating the need to manually provide that proof
each time. Bukhara’s authorities are also exploring a city dashboard that would allow the
mayor’s office to monitor key metrics (e.g. real-time electricity and water usage, traffic
flows, service request statuses) on a centralized screen. This concept is similar to the “urban
control centers” implemented in some smart cities globally (like Rio de Janeiro’s
Operations Center, or smaller-scale dashboards in European cities). The interviewees from
the city IT department were cautiously optimistic about this, noting that “having a common
dashboard could improve inter-department coordination, but it requires all departments to
share data openly, which is a new mindset for many.” Indeed, data silos are a known
challenge in implementing smart governance — breaking them often requires policy
mandates and cultural change towards transparency.

Transparency and citizen feedback: For digital governance to truly be effective,
it must be accompanied by transparency and channels for citizen input. In this regard,
Bukhara has started to use some of Uzbekistan’s national e-participation tools. One is the
Online Petition system (petition.uz) — an official platform where citizens can create or sign
petitions to propose policy changes. A local example was a 2018 petition regarding
installing more street lighting and CCTV in Bukhara’s old city for safety; it gathered
thousands of signatures and was noted by authorities as supportive evidence for the Safe
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Tourism project. Another mechanism is the Virtual Reception of the President — a portal
where any citizen can submit complaints or suggestions directly to the government.
Bukhara residents have actively used this for issues like illegal construction or utility
outages; local government offices are tasked to respond within a set time. Our survey found
that about 25% of respondents had used either the petition site or the virtual reception at
least once — a relatively high engagement rate for such tools, indicating a growing
willingness among citizens to interact with government digitally. This aligns with the LOSI
finding of considerable interest in online civic engagement (29-35% range) in Uzbek cities
including Bukhara. However, there is still skepticism about impact — some citizens feel
these tools are a formality and that decisions are still top-down. The literature on e-
governance emphasizes that to sustain citizen engagement, governments must “close the
feedback loop,” demonstrating that input leads to action (e.g. publishing reports on how
citizen feedback was used) (OECD, 2020). Bukhara’s administration could improve here by
regularly communicating outcomes of public inputs (for example, publicly announcing
which petitions will be implemented or providing statistics on resolved complaints).

Safe City and surveillance governance: An important aspect of digital
governance in Bukhara is the Safe City initiative which overlaps with public security
services. The Safe Tourism pilot in 2018 (led by Huawei) established a new mode of
governance for safety, involving real-time surveillance and coordination. A converged
command center was set up in Bukhara that links police, emergency services, and city
administration feeds. High-definition CCTV cameras (with analytics like facial recognition)
were installed in tourist hotspots and central areas. From a governance perspective, this
system introduces data-driven decision-making for security (e.g. algorithms detecting
crowd anomalies) and requires clear protocols on data privacy and inter-agency
collaboration. The success of the Safe City approach can be measured in response times and
crime resolution rates — local police noted a decrease in petty crime in the pilot areas and
faster incident response, though quantitative data is not yet published. On the flip side, there
are governance concerns about surveillance overreach and privacy, reflecting the broader
debate on “digital authoritarianism” vs. smart city benefits. Bukhara’s case is instructive:
while citizens appreciate improved safety and many don’t object to cameras in public areas,
some stakeholders (especially from civil society) urge adopting regulations on data use and
emphasizing that the technology be used for service improvement and accountability (e.g.
using street cameras not just to monitor citizens but also to identify and fix municipal issues
like waste dumping or traffic snarls). Ensuring that smart governance tools are used in a
citizen-centric manner, rather than just top-down control, will determine public acceptance
in the long run.

In conclusion, Bukhara’s digital governance is on a positive trajectory, with strong
adoption of e-services and initial steps toward integrated smart management systems. The
city is leveraging national platforms and starting local innovations to make governance
more efficient and participatory. Challenges remain in bridging governmental data silos,
building trust through transparency, and managing the ethical implications of new
technologies. If these are addressed, Bukhara could emerge as a model for second-tier cities
in how to implement good governance as part of the smart city paradigm, confirming the
notion that institutional infrastructure and governance reforms are pivotal for smart city
success.

Smart Mobility and Transportation

Public transport modernization: Urban mobility is a critical component of smart
cities, affecting both quality of life and environmental performance. Bukhara’s public
transport mainly consists of buses and marshrutka (minibus) routes, alongside taxis. In
recent years, steps have been taken to digitize and improve the public transit experience.
One major development was the introduction of the ATTO smart transport card system in
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Bukhara around 2021 as part of a nationwide rollout. The ATTO card allows passengers to
pay bus fares with a contactless smart card or smartphone, replacing cash transactions.
Bukhara joined cities like Tashkent and Samarkand in adopting this system, which required
equipping buses with card readers and establishing an e-payment backend. According to the
city transport department, as of 2025 about 60% of bus riders in Bukhara use ATTO cards
or the mobile app to pay, while the rest still pay cash (often in the smaller marshrutkas
which are not fully equipped yet). The benefits observed include faster boarding times and
reduced cash handling issues. Additionally, the digital payment system provides valuable
data on ridership patterns — data that can be used to optimize bus frequencies and routes
over time (a point emphasized by Mohanty et al. (2016) about ICT enhancing transport
efficiency). Early analysis of ATTO data in Bukhara showed peak usage times and popular
routes, which the transit authority is using to adjust schedules and plan for new buses on
overcrowded routes. This is a concrete example of moving towards a data-driven intelligent
transport system. A related initiative slated for 2025 is the deployment of GPS trackers on
buses and a public app that shows real-time bus locations — a project under the Ministry of
Transport’s “Intellectual Transport System” plan. If implemented, it will further improve
convenience by letting riders minimize waiting times.

Traffic management and infrastructure: Bukhara’s road traffic has been
increasing with rising car ownership, leading to periodic congestion in the city center and
along main arterials. So far, the city does not have advanced traffic control systems (no
smart traffic lights with adaptive signaling yet). Traffic lights are timed and not centrally
monitored. However, under the Safe City program, Bukhara installed surveillance cameras
at major intersections; these cameras are used for monitoring and, in some cases, automated
enforcement of traffic rules (speed cameras). The data from these could be leveraged in the
future to implement an intelligent traffic management platform. Officials expressed interest
in a pilot where Al could analyze live traffic feeds to adjust signal timings — something
already done in pilot form in Tashkent. Another small but effective smart solution is the use
of electronic parking meters in some busy streets, which allow drivers to pay via SMS or
app, improving parking turnover.

Inter-city connectivity: Bukhara is a node on Uzbekistan’s modernized
transportation network, notably the high-speed rail line. The Afrosiyob high-speed train
connects Bukhara with Samarkand and Tashkent (and recently extended to Khiva),
drastically cutting travel times. While this is inter-city rather than intra-city, it positions
Bukhara as part of a “smart corridor” of tourist cities. The train stations are equipped with
digital signage, e-ticketing, and other smart amenities. The presence of this infrastructure
means Bukhara can handle increased tourist flows efficiently, but it also means the city
needs to ensure local mobility (last-mile transport, tourist guidance) keeps up. Ideas under
discussion include a smart shuttle service or e-bike sharing for tourists to move between
sites — though not implemented yet, these are potential future projects that would enhance
sustainable mobility.

Transport challenges: Despite the improvements, gaps in Bukhara’s transport
system remain apparent. The bus fleet is relatively old and not very environmentally
friendly (mostly diesel buses). The city lacks dedicated bus lanes or priority signals, so
public transport is often stuck in the same traffic as private cars. In our survey, 55% of
residents cited traffic congestion and difficulties in getting around as a “major issue” in the
city. Also, walkability and non-motorized transport have been neglected — sidewalks in
some areas are poor, and there are few bicycle lanes (even though the flat terrain of
Bukhara is quite bike-friendly). A sustainable smart mobility approach would involve
addressing these through better urban design and possibly smart solutions like bike-sharing
apps or pedestrian sensors (to measure foot traffic and improve crossings). Another concern
is the integration of transport information: currently, there is no single platform providing

10
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comprehensive info on all modes (buses, trains, taxis). A smart city ideal would be a unified
mobility app for Bukhara that could route plan and handle payments across modes —
something a few cities globally are piloting as “Mobility as a Service (MaaS)” solutions.

Discussion: Bukhara’s efforts in smart mobility are in early stages. The
introduction of a cashless fare system (ATTO) is a significant first step aligning with global
trends of digitizing transit for efficiency and data generation. It demonstrates how even a
relatively low-cost technology (RFID/contactless cards) can yield multiple benefits (user
convenience, data, financial transparency). The challenge will be to expand on this base —
using the data intelligently and integrating additional services. The lack of sophisticated
traffic management is a clear opportunity area: studies show that adaptive traffic control
systems can reduce congestion by 20-30% and improve air quality in urban areas (Zheng et
al., 2019). Bukhara could pilot adaptive signals at a few congested junctions once sensor
coverage (cameras or loop detectors) is adequate. Moreover, aligning mobility with
environmental goals (e.g. phasing in electric buses or promoting cycling) will be important
for sustainability. Smart city literature stresses that mobility initiatives should contribute to
smart environment as well — for instance, by reducing emissions or encouraging modal
shift. In this context, Bukhara could incorporate electric vehicles or solar-powered street
lighting (the latter can reduce energy use and is already tried in some Uzbek cities). One
positive foundation is that Bukhara is not a mega-city; its size means solutions are
manageable and can be piloted on a smaller scale. If a smart parking system or a transit app
works in Bukhara, it could be a model for other regional cities.

Overall, Bukhara’s transport dimension shows the interplay of technology and
policy — technology like ATTO and GPS can help optimize the system, but supportive
policies (like improving bus quality or prioritizing transit and pedestrians) are needed to
fully realize “smart mobility” benefits. As one stakeholder put it, “Smart mobility isn’t just
high-tech trains — it’s making the everyday commute easier and greener for people.”
Bukhara has started the journey, but a clear mobility strategy integrating these elements
would accelerate progress.

Environmental Sustainability and Smart Infrastructure

Smart utilities (water and energy): Managing environmental resources — water,
energy, air — is a priority for Bukhara’s city administration, and here smart technologies are
being gradually introduced. Water scarcity is a concern in the Bukhara region, given its arid
climate and the stresses on the Amu Darya river system. In response, a major infrastructure
program is underway (with international support from AIIB and others) to modernize water
supply and sewerage in Bukhara. Notably, this Water Supply Phase II project includes the
installation of smart water meters and sensors across the network. Smart meters at
production wells and distribution nodes provide real-time data on flows and losses, helping
to detect leaks or illegal connections quickly. Mechanical meters for households are also
being distributed, which, while not “smart” (remote-readable) per se, set the stage for future
upgrades. By improving data on water usage, the city aims to reduce water losses (which
have historically been high, over 30% in some districts). This aligns with global findings
that digital monitoring can significantly improve water management efficiency (Kingsley,
2018). Furthermore, new sewage treatment facilities being built will have automated
control systems to optimize treatment processes, indirectly benefiting the environment by
ensuring wastewater is properly treated before release. The interviews with utility officials
revealed optimism that within a few years, Bukhara will have a much more resilient water
system, where issues can be identified by a central SCADA (Supervisory Control and Data
Acquisition) system. Such back-end digitalization is often invisible to the public but is a
hallmark of a “smart utility” approach.

On the energy front, Bukhara region is gaining prominence due to large renewable
energy projects. The Nur Bukhara Solar Plant (100 MW initial capacity with plans up to
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250 MW) is the first utility-scale solar PV project in the region. While it is located outside
the city, its impact on the city is through improved electricity supply and reduced carbon
footprint. Smart grid elements, such as advanced inverters and battery storage (a battery
system is planned alongside the solar farm), contribute to grid stability. Within the city,
there has been a push to replace old electric meters with digital smart meters for households
— these enable time-of-use pricing and remote reading, which the electricity company hopes
will encourage energy saving (as people become more aware of consumption and bills can
be more accurately measured). However, implementation has been uneven, and not all
households have the smart meters yet. The city has also trialed solar-powered lighting in
some parks (with moderate success — maintenance of batteries was an issue).

Environmental monitoring: Another aspect of sustainability is monitoring the
environmental conditions. Bukhara’s air quality is generally decent (benefiting from less
heavy industry than other cities), but vehicle emissions and dust can cause occasional poor
air days. Currently, Bukhara lacks a sophisticated air quality monitoring network. There is
one stationary station run by the Hydrometeorology Service and a couple of ad-hoc sensor
installations by a university project. Data from these are not widely published in real-time.
A smart city approach would be to deploy a network of low-cost air quality sensors and
publish data on an online dashboard or mobile app for public awareness. This has not
happened yet, but given that other cities (like Tashkent) have started such efforts with donor
support, Bukhara could follow. Similarly, noise and heat sensors could be placed in busy
areas. This data is crucial for planning interventions (e.g. planting trees where heat islands
are identified, or re-routing traffic from sensitive areas to reduce noise).

Solid waste management: Waste collection in Bukhara is still largely a low-tech
operation; residents in many neighborhoods dispose of garbage in large bins picked up by
trucks on schedule. Missed pickups and overflowing bins are a common complaint. A
potential smart solution here (already used in some smart cities) is installing sensors in
dumpsters to signal when they are full, optimizing collection routes. There was no evidence
Bukhara has done this yet, but an anecdote from an interview indicated that the city is
considering a pilot with sensor-fitted bins in the city center, which could both reduce litter
and save fuel by avoiding unnecessary collection trips. From an environmental standpoint,
such optimizations both improve cleanliness and cut emissions from garbage trucks.

Green initiatives and climate adaptation: Bukhara’s climate (hot, dry summers)
means the city has an interest in climate adaptation strategies. One innovative concept
mentioned by a local academic was using [oT soil moisture sensors in the city’s green
spaces to implement smart irrigation — watering parks and roadside trees only when needed,
at optimal times, to conserve water. The city’s parks department has not yet adopted this,
but they have experimented with drip irrigation. If paired with sensors, drip systems could
significantly reduce water waste. Another area is preserving the historical earthen
architecture of Bukhara’s old city; environmental monitoring (humidity, temperature
sensors in heritage structures) could be used to alert authorities to conditions that might
damage these structures, enabling preventive maintenance — effectively a blend of cultural
preservation with smart monitoring, which was suggested as a future project by a university
research group.

Discussion: In terms of smart environment, Bukhara is making strides primarily in
the sectors of water and energy through better infrastructure and monitoring. These
improvements reflect the city’s attempt to ensure sustainable service delivery (safe water,
reliable power) in line with SDG goals and smart city principles. The use of smart meters
and data systems in water management exemplifies how technology can aid sustainability
by reducing resource losses and enabling evidence-based management. It shows Bukhara
aligning with global practices — many cities, from Singapore to Barcelona, have
demonstrated that smart water grids can cut leakage and manage demand. Bukhara’s
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advantage is that by building new infrastructure now, it can incorporate smart elements
from the start (rather than retrofitting later). The solar energy project signifies a
commitment to clean energy, contributing to climate mitigation. From a policy perspective,
these initiatives also tie into Uzbekistan’s national priorities for increasing renewable
energy and improving utilities.

However, the environmental indicators for Bukhara’s overall sustainability still
have room for improvement. For instance, data on per capita water consumption, waste
recycling rate, or urban green space per capita are not readily available or tracked with
smart tools. Introducing key performance indicators (KPIs) in these areas and monitoring
them (e.g. with satellite data for green cover, or smart scales for waste recycling) could help
set targets for the city’s environmental performance. The literature on smart city indicators
encourages tracking such metrics to ensure that “smartness” translates to tangible
sustainability outcomes. Bukhara’s governance could adopt a practice of publishing an
annual “City Sustainability and Smartness Report” with these indicators to foster
accountability and continuous improvement.

A recurring theme from stakeholders was that technology must complement, not
replace, basic service expansion. For example, while smart water meters are great, some
outlying parts of Bukhara region still lacked full piped water coverage — clearly, the priority
is to extend service there first, then worry about smart control. The same with planting trees
for cooling the city — a very low-tech solution that can be as important as any high-tech
sensor in improving environmental quality. A balanced approach, mixing “green” (nature-
based) and “smart” (tech-based) solutions, is likely the most sustainable path.

In summary, Bukhara’s environmental dimension of smart city development is
progressing via infrastructure upgrades and initial sensor deployments. These efforts
demonstrate the city’s readiness to integrate sustainable practices, aligning with the idea
that smart cities should also be eco-cities (Yigitcanlar & Teriman, 2014). Ensuring these
projects deliver on their promises (e.g. measured reductions in water loss, increased
renewable energy share, etc.) will be important. It will also be valuable to engage citizens
in sustainability — for example, through awareness apps that show water/electricity usage
and encourage conservation (some cities “gamify” this for citizens). That ties into the next
dimension: how Bukhara’s residents are engaging with and impacted by the smart city
changes.

Citizen Engagement and Community Perspectives

Public awareness and attitudes: The concept of a “smart city” is still relatively
new to the average Bukharan. When asked in the survey what “smart city” meant,
responses varied widely — some mentioned ““a city with lots of technology or Wi-Fi”, others
thought it meant “a clean or well-organized city”. Only a few associated it with citizen
participation or data. This suggests that public communication about the smart city
initiatives in Bukhara has not been very strong. People experience the results (like new
services) but may not label them as part of a broader smart city agenda. The city
government could do more to brand and explain these efforts to the public, possibly through
workshops or media campaigns that highlight how using certain apps or services
contributes to making Bukhara a smarter, more livable city. That said, there is enthusiasm
for specific improvements: survey respondents overwhelmingly supported ideas like “free
citywide Wi-Fi” or “digital tourist guides” or “smart traffic control” when those examples
were posed. This indicates citizens are open to technology that clearly benefits them,
aligning with global observations that people embrace smart solutions when they see
practical value (e.g. smartphone transit information was quickly adopted in many cities for
its convenience).

Community engagement in planning: One aspect of citizen engagement is
involving residents in planning and decision-making. Bukhara has some traditional
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channels (mahalla committees, public hearings for certain projects), but these are not yet
enhanced by technology in a significant way. A potential approach could be to use online
mapping tools or platforms for participatory budgeting where citizens vote on local
improvement projects. Some groundwork exists: Uzbekistan introduced an “Open Budget”
web portal where citizens can propose and vote on local budget spending for small projects.
In 2022, a few projects in Bukhara (like playground installations, street improvements)
were funded through this mechanism after getting citizen votes. The numbers were modest
(a few thousand votes in total from the city), but it’s a start of digital citizen participation in
resource allocation. Expanding such practices would strengthen community engagement.
Additionally, hackathons or innovation challenges could be organized in Bukhara to
crowdsource smart city solutions from young tech-savvy residents — for instance, students
could create prototype apps to address city issues (a model that has been successful in
larger cities).

Digital divide and inclusion: A critical aspect of engagement is ensuring that all
segments of society can partake in the smart city’s benefits. The survey and interviews
highlighted a digital divide mainly along generational and urban-rural lines (rural in the
sense of Bukhara’s suburban fringes). Older residents and those in poorer neighborhoods
are less likely to use smartphones or the internet regularly. Women, especially homemakers
in traditional households, also reported less internet use compared to men of the same
household, due to cultural factors and digital literacy gaps. This is significant because if a
city digitizes all its services and information, those not online may be left behind (a
phenomenon noted by Graham, 2002 on urban digital divides). To mitigate this, Bukhara’s
authorities have kept alternative service channels — for example, while online queue
booking for doctor appointments exists, one can still do it by phone or in person. Moreover,
the presence of mediating institutions like the mahalla offices can help: some mahallas have
staff or volunteers who assist residents with online forms, effectively acting as human
bridges across the digital divide. From a policy standpoint, bridging this gap will require
targeted efforts like digital literacy workshops at community centers, subsidies or initiatives
to provide affordable smartphones or data plans to low-income families, and interfaces that
are language-accessible (ensuring services are in Uzbek and perhaps even local dialects, not
just Russian/English). It is encouraging that Uzbekistan as a whole has recognized digital
inclusion (as seen in its high “digital skills and innovation” ranking in the GovTech Index),
but local implementation of inclusion programs is crucial.

Social acceptance of changes: Introducing smart technologies can sometimes face
resistance or cultural obstacles. In Bukhara, one challenge discussed by stakeholders is the
skepticism toward data sharing. People are wary about providing personal data online (for
instance, linking one’s tax ID to various services) due to privacy or security concerns. This
is not unique to Bukhara — trust is a foundational element for citizen engagement in digital
initiatives (Anthopoulos, 2017). Building trust will require ensuring cybersecurity (no
breaches of citizen data) and being transparent about data use. Another social aspect is how
the physical changes for smart city projects are managed. Bukhara’s historical center is a
sensitive area — any installation of new devices (cameras, sensors, even LED billboards)
must be done carefully to not disturb the aesthetic or fabric of heritage sites. Early
consultation with community and historians when implementing such projects can prevent
backlash. For example, during the Safe Tourism camera installation, authorities had to
reassure the community that cameras would be discrete and not harm monuments. They
also had to address fears that traditional lifestyles (like folks gathering in old neighborhoods
in the evenings) would be under unwelcome surveillance. Over time, as the community sees
benefits (theft incidents reduced, etc.), acceptance has grown, but it highlights the need for
sensitivity.
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Citizen-driven smart initiatives: Interestingly, some “smart” improvements in
Bukhara are emerging bottom-up. For instance, a group of local youth developed a
Telegram chatbot that provides bus schedule information and answers FAQs about city
services — essentially filling an information gap unofficially. It became popular and even
city officials acknowledged using it. This kind of citizen-driven innovation is valuable; the
city could encourage it by offering open data feeds or small grants. Additionally, local
entrepreneurs are introducing smart solutions: one example is a startup that installed simple
air quality monitors at a few tourist guesthouses and publishes the data online, doubling as
a marketing point (“our guesthouse monitors air quality for your comfort”). These micro-
innovations, while isolated, show that citizens are not just passive recipients of smart city
changes but can be active contributors.

In reflecting on citizen engagement, it’s clear that engagement is both an
outcome and a prerequisite of a successful smart city. Bukhara’s case so far shows
moderate engagement — people are starting to use the new tools and voice their opinions
online — but also indicates that deliberate strategies are needed to deepen this engagement.
As Caragliu et al. (2011) noted, a city’s “smartness” is partly in its participatory action. If
Bukhara can harness the collective knowledge and energy of its citizens through digital
means, it will not only implement projects more smoothly but also likely address the actual
needs of the population more accurately.

One recommendation (to be detailed in the next section) arising from this is to
establish a Smart Bukhara Taskforce or Council that includes community representatives,
academia, and the private sector, alongside government. Such a body could guide priorities
and serve as a feedback channel, institutionalizing citizen engagement in the smart city
program. This echoes the idea of public-private-people partnerships (PPPP) in smart cities,
expanding on the PPP model to explicitly include the public’s voice (Bolivar, 2018).

Overall, citizen engagement in Bukhara’s smart city journey is gradually growing,
but it is an area that requires as much innovation and attention as the technology itself. By
focusing on inclusion, trust-building, and co-creation with citizens, Bukhara can ensure that
its smart city evolution is people-centered, fulfilling the oft-stated principle that technology
in cities is a means to improve human well-being.

Conclusion

Summary of findings: This study examined the implementation of smart city
initiatives in Bukhara, Uzbekistan through a comprehensive framework encompassing
readiness, governance, environmental sustainability, and citizen engagement. Our analysis
finds that Bukhara has made notable progress in laying the groundwork for a smart city:

» The city’s digital readiness is relatively strong, with widespread mobile internet access
and the rollout of foundational ICT systems (e.g. e-government portals, digital payment
systems). Bukhara leads nationally in local e-government development, indicating solid
institutional capacity for digital services. Human capital is improving as more people
become digitally literate, though gaps persist among older and marginalized groups.

¢ In terms of digital governance, Bukhara’s administration is adopting e-government and
open governance practices. Over 60% of public services are now offered online, and the use
of integrated data systems is growing within city departments. The Safe City pilot
introduced advanced surveillance and command infrastructure, boosting security
management albeit raising some privacy considerations. Citizen feedback mechanisms like
online petitions and virtual receptions are available and gradually gaining usage, laying the
foundation for participatory governance in the digital age.

o Regarding smart infrastructure and environment, Bukhara is implementing projects
that align with sustainable smart city goals. The modernization of water supply with smart
meters and the integration of solar power into the energy mix show a commitment to
resource efficiency and green technology. Plans for intelligent transport and waste
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management systems are on the table, which could mitigate congestion and pollution in the
future. These efforts are expected to improve key sustainability indicators (e.g. reducing
water loss, cutting CO: emissions, etc.) if effectively executed and monitored.

o Citizen engagement is emerging as both a driver and outcome of Bukhara’s smart city
efforts. Residents are increasingly using digital services and voicing civic concerns through
online platforms, signaling a cultural shift towards e-participation. However, engagement is
uneven — continuous outreach, digital inclusion programs, and trust-building are needed to
ensure broader public participation. The social acceptance of smart initiatives has been
positive overall, especially when tangible benefits (like safer streets or easier service
access) are evident.

Crucially, these dimensions reinforce one another. For example, strong governance
and leadership have enabled rapid expansion of e-services, which in turn fosters citizen
uptake and readiness. Likewise, investing in modern infrastructure (water, energy) with
smart components contributes to both sustainability outcomes and public confidence in the
city’s modernization.

Recommendations for Bukhara’s smart city roadmap: Building on the
findings, we propose the following recommendations to guide Bukhara’s next steps toward
a fully realized smart city:

Strengthen digital infrastructure and data integration: Continue expanding
high-speed connectivity (e.g. city-wide fiber and upcoming 5G) and implement integrated
data platforms at the city level. Establish a unified City Operations Center that aggregates
data from traffic, utilities, public safety, and service portals to enable real-time monitoring
and data-driven decision-making. This should include developing a city dashboard
accessible to decision-makers (and a public-facing version for transparency).

Enhance e-governance and citizen-centric services: Build on the successful e-
government rollout by improving service quality and user experience. Localize and
simplify online services for ease of use (especially in Uzbek language). Expand one-stop
service centers to assist those less digitally savvy. Importantly, institutionalize citizen
engagement in governance — for instance, introduce participatory budgeting city-wide via
an online platform and create a Smart City Advisory Council with citizen representatives to
co-develop initiatives. Regularly publish metrics on service performance and how citizen
feedback has been acted upon, to close the feedback loop and increase trust.

Implement smart mobility solutions: Develop a comprehensive smart mobility
plan for Bukhara focusing on public transport and non-motorized transport. Scale up the
ATTO smart card system to all transit modes and integrate it with a real-time public
transport app so citizens have a convenient journey planner. Pilot adaptive traffic signal
control on congested corridors to reduce delays (leveraging existing CCTV and sensors).
Promote sustainable transport by introducing electric buses or minibuses for key routes and
creating at least one pedestrianized or smart street in the historical center with traffic
calming, smart lighting, and informational kiosks. These measures would address transport
gaps while aligning with environmental and tourism goals.

Focus on environmental monitoring and sustainability projects: Augment
ongoing utility upgrades with broader environmental initiatives. Deploy a network of low-
cost environmental sensors (air quality, noise, temperature) around the city and publish the
data for public awareness and scientific analysis. Use this data to inform policies (e.g.
traffic restrictions on high pollution days). Continue expanding renewable energy usage —
for example, install solar panels on public buildings and incentivize private solar.
Implement smart irrigation in public parks to conserve water. Aim for specific targets like
“reduce water distribution losses to under 15% by 2030” or “increase green space per capita
by 20%”, using smart tech as an enabler. These targets can be tracked via the smart city
monitoring systems to ensure accountability.
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Bridge the digital divide and educate the public: Ensure that the benefits of the
smart city are inclusive. Launch a digital inclusion program that provides training
workshops in mabhallas, libraries, and schools on how to use e-services and digital tools.
Partner with telecom providers for affordable internet packages or device donation
programs for low-income households. Simultaneously, run public awareness campaigns
about new smart city features (for example, explain how to use the new transport app or
what the Safe City cameras do) to demystify the technology. Cultivating a digitally
empowered citizenry will maximize engagement — echoing the idea that smart cities require
smart people who are informed and empowered.

Safeguard privacy and adapt governance frameworks: As digital systems
proliferate, update local regulations and governance practices to address data privacy,
cybersecurity, and ethical use of technology. Develop clear protocols on data sharing
between agencies and with third parties, ensuring citizen data is protected. Establish a
mechanism for independent oversight or audits of smart city systems (for example, a
committee that reviews the Safe City surveillance program’s impact on privacy annually).
By proactively addressing these concerns, Bukhara can prevent potential public pushback
and set a positive example in digital ethics for the region.

By pursuing these recommendations, Bukhara can create a virtuous cycle in its
smart city development — where improved services and sustainability outcomes build public
trust, which in turn encourages further citizen participation and support for new initiatives.
This integrated, citizen-focused approach will help ensure that technology deployments
actually translate into the core goals of higher quality of life, economic opportunity, and
environmental resilience in the city.

Concluding thoughts and future research: Bukhara’s experience illustrates the
opportunities and challenges of implementing smart city concepts in a mid-sized historic
city in a developing context. It shows that even cities not globally known as tech hubs can
leapfrog in certain aspects (like digital governance) with political will and strategic
investments. It also underscores the importance of contextualization — solutions must be
adapted to local cultural, economic, and spatial realities. For instance, what works in a
hyper-modern East Asian metropolis might need adjustment for an ancient Silk Road city
where heritage preservation is paramount. Nonetheless, the fundamental principles gleaned
from global smart city research — integration, sustainability, and participation — are
universally applicable and beneficial when applied with care.

In conclusion, Bukhara stands at an exciting intersection of past and future: a city
with millennia of history that is now embracing 2 1st-century innovations. By thoughtfully
blending its rich cultural heritage with smart solutions for modern urban challenges,
Bukhara can pave the way for a model of smart city development that is sustainable,
inclusive, and contextually authentic. The steps taken so far are promising — and with
continued commitment to learning and adapting, the vision of a “Smart Bukhara” is well
within reach, offering insights for many other cities on similar paths.
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