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ABSTRACT

Smart cities have emerged worldwide as a response to the challenges of rapid urbanisation, yet their results remain 
inconsistent. While many projects demonstrate impressive technological innovation, their long-term effectiveness 
depends on how well governance, financing, and institutional mechanisms are embedded. This paper develops a 
management-first conceptual framework that draws on lessons from Europe, Asia, the Middle East, North America, 
and India. The framework is organised around eight pillars: contextual design, governance, 
engineering–procurement–construction (EPC), technology stacks, finance, human resources, data and policy 
governance, and monitoring and evaluation. Together, these pillars form a Best Practices Taxonomy that redefines 
smart cities as socio-technical systems where digital tools strengthen institutionalised management rather than replace 
it. The study advances policy recommendations that emphasise permanent Smart City Bureaus, lifecycle-oriented 
financing, interoperability standards, and citizen-centred inclusion. The contribution is both conceptual and practical: 
a pragmatic blueprint for Indian and Global South contexts, along with an agenda for future empirical testing.
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INTRODUCTION

Cities have long been engines of prosperity, social 
transformation, and political experimentation. In the 
present century, with more than half of the world's 
population living in urban areas, cities face immense 
pressure to deliver sustainable infrastructure, equitable 
services, and resilient governance systems (United 
Nations, 2022). The concept of the “smart city” has 
gained prominence as one response—urban 
environments where information and communication 
technologies (ICTs), integrated infrastructure, and data-
driven decision-making are deployed to improve 
efficiency and quality of life (Batty, 2012; Caragliu, Del 
Bo, & Nijkamp, 2011). Yet two decades of 
experimentation show mixed results. While some cities 
have leveraged digital innovation effectively, many 
others have struggled with problems such as vendor 
lock-in, fragile business models, exclusionary impacts, 
or projects that never move beyond pilot stages (Meijer 
& Rodríguez Bolívar, 2016; Neirotti, De Marco, 
Cagliano, Mangano, &Scorrano, 2014).

It follows that the success of smart cities cannot be 
measured simply by the presence of sensors, networks, 
or algorithms. What matters is how these systems are 
procured, designed, integrated, and sustained. 
International cases highlight this distinction. Barcelona 
and Amsterdam institutionalised open middleware and 
citizen engagement, while Singapore pursued a 
centralised “Smart Nation” approach anchored in digital 
twins and robust governance frameworks (OECD 
Observatory of Public Sector Innovation [OPSI], 2022). 
In contrast, Songdo in South Korea demonstrates the 
risks of a purely technocratic model—digitally 

advanced but socially hollow, lacking demand and 
community integration (Halpern, LeCavalier, Calvillo, 
& Pietsch, 2013). These comparisons underline that 
technology is necessary but not sufficient; governance 
and management determine long-term value.

India provides a particularly instructive context. The 
country's urban population is expected to exceed 50 
percent by 2036, adding enormous pressure on 
infrastructure and governance systems (Government of 
India, 2025). The Smart Cities Mission, launched in 
2015, invested ₹1.64 trillion and established Integrated 
Command and Control Centres (ICCCs) as the “digital 
nervous system” of 100 cities (Praharaj, 2025). By 2025, 
more than 90 percent of projects had been completed, but 
concerns remain around financial sustainability, uneven 
institutional capacity, and limited inclusivity. ICCCs 
have improved surveillance and incident management, 
yet studies report challenges of interoperability, siloed 
structures, and poor citizen awareness (Jeong, Kim, Park, 
& Rho, 2020; Praharaj, 2025). Similarly, the Special 
Purpose Vehicles (SPVs) created to implement the 
mission are criticised as temporary entities without 
institutional permanence (Prasad, 2021).

Global practice suggests several ways forward. In EPC, 
leading cities stress lifecycle-oriented contracting, 
modular procurement, and standards-based integration. 
Barcelona's Sentilo platform illustrates how open 
middleware reduces vendor lock-in and encourages 
innovation (Bain, 2014). Singapore's Virtual Singapore 
project demonstrates how district-level digital twins can 
enhance resilience when supported by master data 
management and inter-agency coordination (Mazzetto, 
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2024). London's open data initiatives institutionalised 
transparency and civic innovation (Greater London 
Authority, 2023), while Dubai's blockchain registries 
and data protection laws show how regulation can 
safeguard governance (Digital Dubai, 2024). Together, 
these examples suggest that sustainable smart cities 
depend as much on governance and management as on 
technological investment.

This paper therefore asks: Can a consolidated 
framework of best practices in EPC, design, and 
implementation provide a pragmatic guide for smart 
cities, particularly in India and other Global South 
contexts? The objective is not to replicate a single model 
but to synthesise transferable elements across 
domains—technology, governance, finance, human 
resources, and data policy—while recognising 
contextual boundaries.

The paper contributes in three main ways. First, it 
advances a management-first perspective, arguing that 
smart cities function effectively when technologies are 
embedded within legal, financial, and institutional 
frameworks that ensure accountability and continuity 
(Meijer & Rodríguez Bolívar, 2016). Second, it draws 
on lessons from a range of international  
leaders—Barcelona, Singapore, Seoul, London, Dubai, 
New York, Songdo—as well as Indian exemplars such 
as Pune, Surat, and Bhubaneswar, enabling comparative 
analysis of what is adaptable and what is not (Neirotti et 
al., 2014). Third, it translates these lessons into 
actionable artefacts: procurement templates, SOPs, 
financing toolkits, and KPI dashboards, designed for 
direct use by policymakers, practitioners, and vendors.

Ultimately, the study seeks to bridge the gap between 
theory and practice by proposing a Best Practices 
Framework that balances innovation with stability and 
fiscal realism. Such a framework aligns digital systems 
(IoT, APIs, ERP integration, AI/ML) with governance 
reforms (Smart City Bureaus, professional managers), 
financing mechanisms (bundled CAPEX+OPEX, 
pooled procurement, smart taxation), and legal 
safeguards (privacy, interoperability, open data). Only 
through this integration can Indian and other Global 
South cities move beyond fragmented pilotism toward 
resilient, inclusive, and sustainable urban futures.

REVIEW OF LITERATURE

Scope and Method

This review brings together academic research, policy 
papers, and practitioner studies to trace the evolution of 
smart city thinking across seven themes: (a) conceptual 
models and typologies, (b) technology stacks and digital 
public infrastructure, (c) governance and institutional 
arrangements, (d) financial and procurement 
approaches, (e) interoperability and risks of vendor 
lock-in, (f) inclusion, ethics, and privacy, and (g) 
evaluation frameworks. Sources include peer-reviewed 

journals indexed in Scopus, OECD and EU policy 
reports, and major national programmes. The aim is to 
distil patterns, identify persistent shortcomings, and 
highlight transferable lessons that can inform a 
management-first framework for smart cities (Caragliu, 
Del Bo, & Nijkamp, 2011; Meijer & Rodríguez Bolívar, 
2016; Neirotti, De Marco, Cagliano, Mangano, 
&Scorrano, 2014).

2.1 Conceptual Foundations and Typologies
Definitions of “smart city” vary widely. Some scholars 
view it mainly as an ICT-driven efficiency model 
(Caragliu, Del Bo, & Nijkamp, 2011). Others describe 
cities as complex systems in which data analytics guide 
planning and service delivery (Batty, 2012). 
Comparative research further emphasises the global 
heterogeneity of approaches, ranging from vendor-led, 
technology-centric models to citizen-oriented, 
governance-heavy strategies (Neirotti et al., 2014). 
Meijer and Rodríguez Bolívar (2016) caution that both 
extremes carry risks: overly technocentric projects often 
end as short-lived pilots, while purely participatory 
models can lack technical robustness. A hybrid 
model—balancing digital innovation with institutional 
reform—appears more sustainable.

Table 1. Conceptual typologies of smart cities: 
Technocentric, socio-technical, and hybrid perspectives

Typology  Primary Emphasis  Key Advantages Risks / Shortcomings Key Sources

Technocentric

 
ICT tools, IoT 
systems, data-driven 

efficiency

 

Rapid 
deployment, 

strong gains in 

efficiency

Vendor dependence, 
exclusionary effects, 

fragile sustainability

Batty (2012)

Socio-
technical

Governance 
reforms, citizen 
engagement, 
inclusion

Equity-oriented, 
democratic 
legitimacy

Slower scaling, 
pushback from 
institutions

Meijer & 
Rodríguez 
Bolívar (2016)

Hybrid 
models

Balance of 
technological 
adoption with 
governance

Context-sensitive, 
durable, adaptable

Requires coordination, 
higher administrative 
costs

Caragliu, Del 
Bo, & Nijkamp 
(2011)

2.2 Technology Stacks and Digital Public 
Infrastructure (DPI)

Contemporary smart city systems are increasingly 
conceived as multi-layered technology stacks, spanning 
IoT devices, connectivity, middleware, data platforms, 
AI analytics, ERP integration, and citizen-facing services 
(Zanella, Bui, Castellani, Vangelista, & Zorzi, 2014; 
Jeong, Kim, Park, & Rho, 2020).

· IoT networks provide real-time insights but create 
maintenance and cybersecurity challenges.

· Middleware and APIs, such as Barcelona's Sentilo, 
reduce dependence on proprietary vendors (Bain, 
2014).

· Digital Public Infrastructure in India (e.g., India 
Stack, DEPA, Land Stack) shows how identity, 
payments, and consent frameworks can scale at a 
national level (MeitY, 2023).

· AI/ML tools support predictive governance but raise 
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concerns about opacity and bias (European 
Parliament, 2025).

· Digital twins, such as Virtual Singapore, enable 
scenario planning for resilience but require 
significant resources (Mazzetto, 2024).

Best practice highlights API-first procurement, master 
data management (canonical identifiers), and phased 
adoption of high-cost tools.

Table 2. Technology stacks and interoperability issues in 
global smart cities

Layer  Illustrative 
Example

 

Function Delivered Consequence if Weak 
/ Missing

Source

IoT & 
sensing

 

Flood monitoring 
sensors, Singapore

 

Enables real -time 
tracking of 
hazards/utilities

Data gaps, reactive 
rather than preventive 
response

Zanella et 
al. (2014)

APIs & 
middleware

Barcelona’s Sentilo

 

Facilitates vendor -
neutral integration

System silos, vendor
lock-in

Bain 
(2014)

ERP 
integration

Ahmedabad’s e -
challan system

Connects citizen 
interactions with finance 
workflows

Inefficient revenue 
capture, disjointed 
processes

Jeong et 
al. (2020)

AI & 
analytics

Seoul’s AI studio Provides predictive 
insights for planning

Risk of biased, opaque, 
non-compliant 
decisions

 

OECD 
OPSI 
(2022)

 

2.3 Governance, Institutions, and Operations

Governance quality is consistently cited as a key 
determinant of smart city success. In India, Special 
Purpose Vehicles (SPVs) provided focus during the 
Smart Cities Mission but have been criticised for their 
temporary nature and limited accountability (Prasad, 
2021). Similarly, ICCCs improved surveillance and 
coordination yet remain disconnected from ERP 
workflows and largely invisible to the public (Praharaj, 
2025).

International comparisons highlight alternatives. 
Barcelona placed middleware under municipal 
stewardship to ensure openness, while Seoul invested in 
semantic data standards and civic labs to foster 
continuous innovation (Jeong et al., 2020). Meijer and 
Rodríguez Bolívar (2016) argue for professional 
management roles and permanent institutions. These 
insights point toward a Model Smart City Bureau 
(MSCB) led by a Smart City Manager as a potential 
long-term governance structure.

2.4 Finance and Procurement Models

Financing mechanisms typically blend capital 
expenditure (CAPEX), operational budgets (OPEX), 
public–private partnerships, and municipal bonds. 
Studies indicate that projects skewed toward CAPEX 
often fail if operational funding is not secured (Neirotti 
et al., 2014). OECD research stresses the value of pooled 
procurement and shared services in reducing costs 
(OECD, 2020). In India, experiments such as GIS-
enabled property taxation and municipal bonds (e.g., 
Vadodara, Pimpri-Chinchwad) demonstrate innovation 
but reveal uneven implementation capacity (Praharaj, 
2025).

Emerging practices include bundling CAPEX and 
OPEX, modularising contracts, embedding portability 
clauses, and evaluating vendors on lifecycle feasibility.

2.5 Interoperability and Vendor Risks

One of the most persistent risks in smart city 
implementation is poor interoperability. Proprietary 
solutions with limited API access often result in 
expensive vendor lock-ins (Bain, 2014). By contrast, 
platforms such as Barcelona's Sentilo and Seoul's City 
Data Hub, built around open APIs and semantic 
standards (NGSI-LD), support flexibility and multi-
vendor ecosystems (Jeong et al., 2020). International 
frameworks, including ITU and EU guidelines, reinforce 
API-first approaches.

Recommended safeguards include mandating open 
standards in contracts, conducting regular portability 
audits, and escrow requirements for system 
configurations.

2.6 Inclusion, Ethics, Privacy, and Security

Without careful design, smart city initiatives risk 
reinforcing digital divides. Studies document exclusion 
of low-income or digitally marginalised populations 
where assisted channels are absent (Caragliu, Papa, & 
Kourtit, 2023). Privacy concerns have escalated with the 
spread of CCTV systems, biometric data collection, and 
weak consent frameworks (MeitY, 2023). The EU AI Act 
offers one model, requiring transparency, human 
oversight, and risk-based classification (European 
Parliament, 2025).

Best practices stress privacy-by-design, multilingual 
access, offline kiosks, and civic labs to foster inclusive 
participation.

2.7 Evaluation Frameworks and Indices

Smart city indices, including the IMD Smart City Index 
and IESE Cities in Motion, provide global benchmarks 
but rarely capture governance processes (Lai & Cole, 
2022). In India, dashboards developed by MoHUA and 
NIUA track implementation progress but often 
underplay citizen experiences. Scholars argue for hybrid 
systems that combine operational metrics, fiscal 
indicators, and perception-based surveys (Neirotti et al., 
2014; Jeong et al., 2020).

A robust approach is to design dashboards blending 
ICCC performance indicators (uptime, SLA compliance) 
with fiscal health and citizen satisfaction measures.

2.8 Synthesis and Gaps

Across the literature, several persistent gaps emerge:

1. Fragile institutional setups, with SPVs lacking 
permanence.

2. Insufficient attention to lifecycle finance, 
particularly OPEX.

3. Weak interoperability and limited API-first 
procurement.
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4. Minimal focus on inclusion and bridging digital 
divides.

5. Lack of operational artefacts such as SOPs, 
procurement templates, and KPI dashboards.

This study addresses these gaps by proposing a Best 
Practices Framework that integrates governance, 
finance, technology, and inclusion into a pragmatic, 
management-focused model.

Table 3. Comparative lessons from global smart cities

City
 

Key Innovation
 

Adaptability to 
Other Contexts

Potential Caveats / Risks Reference

Barcelona

 

Open-source 
middleware (Sentilo)

 

High

 

Requires municipal 
ownership and skilled IT 
staff

Bain (2014)

Singapore

 

District-level digital 
twin (Virtual SG)

 

Conditional

 

Cost-intensive, dependent on
data governance & inter -
agency pacts

OECD OPSI 
(2022)

Seoul Semantic standards 
(NGSI-LD) + civic 

labs

High Demands capacity -building 
and citizen trust

Jeong et al. 
(2020)

Dubai Blockchain-backed 

land registry

Conditional Still experimental, faces 

legal and governance 

uncertainties

Digital Dubai 

(2024)

METHODOLOGY

3.1 Research design

This paper follows a conceptual, comparative research 
design intended to assemble practical lessons for smart-
city delivery across five interrelated domains: 
technology, governance, finance, human resources, and 
regulatory policy. Rather than collecting primary field 
data, the study constructs a synthesis from existing 
evidence — policy documents, academic studies, and 
case reports — in line with conceptual-method 
approaches (Meredith, 1993). The approach is explicitly 
managerial: it assumes that technological tools only 
deliver public value when they are procured, integrated, 
operated, and financed in ways that municipal 
organisations can sustain (Meijer & Rodríguez Bolívar, 
2016).

Research question

How can global best practices in EPC, design, and 
implementation be combined into a management-first 
blueprint for smart cities, with particular relevance to 
India and comparable Global South settings?

3.2 Data sources

The analysis draws on three complementary source 
streams:

1. Academic literature. Peer-reviewed articles and 
conference papers (Scopus-indexed) on urban 
ICTs, governance, procurement, and evaluation 
(e.g., Caragliu et al., 2011; Batty, 2012; Neirotti et 
al., 2014; Jeong et al., 2020).

2. Institutional and regulatory documents. Reports 
and guidance from international agencies (OECD, 
ITU), regionally relevant legislation and policy 
(EU AI Act), and Indian frameworks (Smart Cities 
Mission, DEPA, Digital Personal Data Protection 

Act) that provide operational and normative context 
(OECD, 2020; MoHUA, 2015; MeitY, 2023).

3. City-level materials. Official portals, municipal 
evaluations, and independent assessments from 
exemplar cities (Barcelona, Singapore, Seoul, 
Dubai,  London, New York) and Indian 
municipalities (Pune, Surat, Bhubaneswar, 
Ahmedabad), which supply the comparative, real-
world evidence (Bain, 2014; Praharaj, 2025).

3.3 Analytical approach

Documents were read iteratively and coded thematically 
following grounded-theory inspired procedures. 
Recurrent themes were identified, grouped, and refined 
into a taxonomy of best practices (Corbin & Strauss, 
2008). The principal analytic categories included:

l procurement and EPC contracting;

l technology architectures and interoperability;

l governance and institutional arrangements;

l lifecycle finance and fiscal planning;

l workforce development and training;

l legal/ethical safeguards and privacy; and

l monitoring, evaluation, and learning systems.

Case evidence was mapped to these categories to permit 
cross-city comparison (for instance, Barcelona's Sentilo 
middleware versus Singapore's Virtual Singapore). 
Analysis also applied a transferability lens (Pawson & 
Tilley, 1997), distinguishing: (a) practices that travel 
readily across contexts (e.g., API-first procurement); (b) 
practices that require enabling conditions (e.g., digital 
twins needing reliable master data and sustained 
budgets); and (c) context-bound practices (e.g., 
technocratic greenfield enclaves like Songdo).

3.4 Case selection

Cases were chosen to maximise diversity in governance 
models, economic settings, and urban design 
approaches. Selection criteria included:

l different governance regimes (municipal 
stewardship such as Barcelona versus centralised 
Smart Nation models like Singapore);

l varied development levels (large global cities such 
as London/New York vs. emerging Indian cities such 
as Pune/Bhubaneswar); and

l contrasting design strategies (greenfield planned 
developments like Songdo versus retrofitted historic 
cores like London).

Indian municipalities were prioritised because the paper 
aims to be policy-relevant for the country; the Indian 
sample therefore includes cities with differing 
geographies, institutional arrangements, and degrees of 
progress under the Smart Cities Mission (Praharaj, 
2025).

3.5 Validity and limitations

The conceptual synthesis offers broad coverage but 
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carries known limitations:

l  Reliance on 
published sources risks missing unpublished, 
highly local operational knowledge.

l Positive reporting bias. Official documents often 
emphasise successes; to counter this the study 
triangulated between peer-reviewed work, 
independent audits, and media reports (Meijer & 
Rodríguez Bolívar, 2016; OECD, 2020).

l Absence of causal testing. The proposed 
framework is prescriptive and requires empirical 
validation — e.g., field trials, KPI measurement, 
and quantitative evaluation in future work.

Despite these caveats, conceptual synthesis is useful for 
spotting recurrent gaps, clarifying theory, and producing 
immediately applicable tools (SOPs, procurement 
templates) for practitioners.

3.6 Research design summary (visual)

The analytical flow can be summarised as: Data 
collection →  Thematic coding →  Cross-case 

comparison →  Best Practices Taxonomy →  
Management-first blueprint. This pipeline ensures 
systematic evidence capture while allowing translation 
into actionable municipal instruments.

FINDINGS: CONCEPTUAL FRAMEWORK OF 
BEST PRACTICES

4.1 Overview

The review and comparative analysis show a consistent 
pattern: poor outcomes in many smart-city efforts are 
typically not due to lack of technology but to weak 
integration, governance, and financing. To respond to 
these structural problems, the study organises a Best 
Practices Taxonomy around eight interconnected 
pillars: (a) contextual design, (b) governance and 
institutions, (c) EPC and procurement, (d) technology 
stacks, (e) finance and revenue models, (f) human 
resources and capacity, (g) policy and data governance, 
and (h) monitoring, evaluation, and learning. Each pillar 
synthesises global evidence, flags lessons that transfer 
well, and notes caveats for India and similar contexts.

4.2 Contextual design: history, geography, economy

Smart solutions must be grounded in the city's historical, 
spatial, and economic realities. Institutional legacies 
and path dependencies shape what is feasible and 
acceptable (Batty, 2012). For example, historic urban 
cores require conservation-sensitive interventions, 
whereas greenfield developments often fail to generate 
social demand (Songdo case; Halpern et al., 2013). In 
India, legacy land records and overlapping jurisdictions 
across ULBs, development authorities, and parastatals 
add complexity (Praharaj, 2025).

Practical takeaways: carry out a pre-procurement 
context audit (hazard maps, institutional history, 

Secondary-data dependence.

economic profile), craft differentiated strategies for 
dense cores, peri-urban zones, and industrial corridors, 
and embed resilience measures (e.g., Chennai's sensor 
network paired with SOPs and budget lines). (ADB, 
2022)

4.3 Governance and institutions

Governance repeatedly appears as the decisive factor. 
Indian SPVs concentrated delivery but often lacked 
institutional permanence, jeopardising post-project 
continuity (Prasad, 2021). ICCCs improved operational 
visibility but frequently ran as silos, disconnected from 
back-office ERP systems and citizens (Praharaj, 2025).

Recommended arrangements: establish a permanent 
Smart City Bureau (SCB) within municipal structures, 
led by a professionally appointed Smart City Manager 
with a protected tenure. Support this office with key 
specialists (CTO, CIO, DPO, M&E lead), formalise 
cross-agency coordination through MOUs/SLAs with 
utilities and parastatals, and create multi-stakeholder 
oversight for transparency and legitimacy. Global 
examples — Barcelona's municipal ownership of 
Sentilo, Seoul's civic labs, and London's open data 
regimes — illustrate feasible institutional options (Bain, 
2014; Jeong et al., 2020).

4.4 EPC and procurement

Procurement that focuses narrowly on lowest initial 
capital cost often produces systems that are expensive to 
operate and maintain. Comparative evidence points 
toward procurement models that treat lifecycle value as 
the priority.

Best practice elements: bundle EPC delivery with 
O&M obligations and outcome-linked payments; 
modularise tenders (sensors, connectivity, middleware, 
ERP) to prevent single-vendor dominance; mandate 
open API compliance, periodic portability testing, and 
escrow of key configurations; and include training and 
knowledge-transfer milestones to build municipal 
capability (Anderson et al., 2021; Bain, 2014). Examples 
include Barcelona's API-first approach and Dubai's 
experimental registries using blockchain.

4.5 Technology stacks and integration

Technology architectures matter, but only when they 
enable integration with municipal workflows. The 
recommended technical blueprint is layered and 
interoperable: IoT sensing →  connectivity →  

middleware/API layer → city data platform + Master 

Data Management (MDM) →  analytics/AI →  

ERP/work-order systems →  citizen interfaces 
(Zanella et al., 2014; Jeong et al., 2020).

Operational steps: implement MDM (canonical IDs for 
properties, assets, residents), adopt open middleware to 
decouple devices from applications (Sentilo model), use 
semantic standards (NGSI-LD) for cross-agency reuse, 
balance edge and cloud processing for latency tradeoffs, 
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and embed AI governance practices (model cards, 
human oversight) aligned with regulatory guidance 
(European Parliament, 2025).

4.6 Finance and revenue models

Sustainable operations require predictable OPEX as 
well as CAPEX. Evidence shows projects with only 
one-time capital funding often degrade once grants end 
(Praharaj, 2025).

Recommended financing approaches: ring-fence 
OPEX before committing to major tenders; use pooled 
procurement and shared service models to capture scale 
economies (OECD, 2020); deploy value-capture 
mechanisms (e.g., Tax Increment Financing) and 
municipal/green bonds where cities have sufficient 
creditworthiness; expand property tax bases using GIS 
and digital payment systems; and require bidders to 
provide five-year Total Cost of Ownership (TCO) and 
lifecycle OPEX projections.

Table 4. Financial models for smart cities: CAPEX, 
OPEX, PPPs, and pooled mechanisms

Model  Description  Advantages Limitations / Risks Example

CAPEX-heavy 

grants

 

One-time capital 

infusion

 

Quick 

infrastructure 

rollout

 

No provision for 

OPEX → short 

lifespan

India SCM 

(MoHUA, 

2015)

OPEX ring -

fencing

 

Dedicated 

operational budget

 

Keeps systems 

functional after 

rollout

 

Requires consistent 

fiscal discipline

Praharaj (2025)

PPPs

 

Shared risk 

between public & 

private

Brings in private 

capital and 

expertise

Potential delays, 

conflicting 

incentives

OECD (2020)

Municipal/green 

bonds

Market-based 

financing

Builds credit 

standing, enables 

scaling

Demands 

transparency and 

reliable rating

Ahmedabad 

pilot

Pooled 

procurement

Joint city/state 

purchasing

Cost savings from 

economies of scale

Risk of coordination 

breakdown, free -

riding

OECD (2020)

 

4.7 Human resources and capacity

Technology cannot substitute for skilled staff. Many 
ULBs lack the in-house technical and managerial 
capacity to run smart systems (Praharaj, 2025).

Capacity measures: define and institutionalise 
professional roles (Smart City Manager, ICCC analyst, 
data steward, ERP integrator, DPO); partner with 
academic institutions and training agencies (IITs, 
NIUA) for certification and upskilling; and embed 
contractual clauses for vendor-led training and 
knowledge transfer to ensure municipal autonomy post-
delivery (Anderson et al., 2021).

4.8 Policy, legal, and data governance

Robust legal and policy frameworks underpin trust and 
accountability. India's Digital Personal Data Protection 
Act provides a baseline for privacy but municipal 
compliance varies (MeitY, 2023).

Recommended safeguards: conduct Data Protection 
Impact Assessments (DPIAs) for major systems; publish 
anonymised non-sensitive datasets via open portals; 
mandate algorithmic audits and explainability for AI 
systems (European Parliament, 2025); and ensure 
transparency in procurement by publishing tender 
documents, evaluation scores, and contracts.

4.9 Monitoring, evaluation, and learning

Current evaluation practices tend to favour high-level 
indices over operational measurement. A stronger 
approach combines system metrics, fiscal measures, and 
citizen feedback.

Monitoring toolkit: track operational KPIs (ICCC 
uptime, SLA compliance, alert-to-work-order 
conversion rates, MTTR) alongside fiscal indicators and 
periodic citizen satisfaction surveys; use quasi-
experimental evaluation designs during phased rollouts 
(difference-in-differences, interrupted time series); 
publish anonymised event logs for independent 
validation; and use evaluation findings to refine SOPs, 
procurement templates, and training curricula.

4.10 Conceptual framework: Best Practices 
Taxonomy

Bringing these elements together produces an eight-
pillar taxonomy designed to convert technology 
investments into durable public value:

1. Contextual design — solutions tailored to place 
(history, hazards, economy).

2. Governance & institutions — permanent 
bureaus, professional roles, inter-agency MOUs.

3. EPC & procurement — modular, lifecycle 
contracts with API-first requirements.

4. Technology stacks — layered, interoperable 
architectures anchored by MDM.

5. Finance & revenue — lifecycle funding, pooled 
procurement, value capture.

6. Human resources  — defined roles,  
certification, contractual capacity transfer.

7. Policy & data governance — privacy-by-
design, algorithmic oversight, open data.

8. Monitoring & evaluation — operational KPIs, 
independent audits, iterative learning.

This management-first taxonomy provides an 
operational roadmap for municipal leaders and vendors 
seeking to move beyond pilot-driven investments toward 
integrated, inclusive, and resilient urban services.

Figure 1. Conceptual framework for a Model Smart City: 
Eight thematic pillars feed into a central blueprint. The 
diagram illustrates how sustainable outcomes emerge 
when technology is embedded within institutional, 
financial, and legal architectures (Meijer & Rodríguez 
Bolívar, 2016; Jeong, Kim, Park, & Rho, 2020).
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Table 5. Prescriptive elements of the Model Smart City 
(MSC) framework

Pillar  Recommended Measure Operational Tool Reference

Governance & 

institutions

 

Permanent Smart City Bureau 

with professional manager

 

Legal charter, fixed tenure, 

inter-agency MOUs

Meijer & 

Rodríguez Bolívar 

(2016)

Procurement & 

EPC

 

Modular, API-first contracts

with lifecycle clauses

 

Standard templates, escrow 

terms, training deliverables

Neirotti et al. 

(2014)

Technology 

stacks

 

Layered and interoperable 

technical architecture

 

Master Data Management, 

open APIs, semantic 

standards

Jeong et al. (2020)

Finance & 

revenue

Integrate CAPEX with 

OPEX; pooled procurement

TCO models, municipal 

bond frameworks

OECD (2020); 

Praharaj (2025)

Human resources Clearly defined professional 

roles & training pipelines

Certification schemes, 

knowledge transfer SOPs

Anderson, Lim, & 

Tushman (2021)

Policy & data 

governance

Privacy safeguards and 

algorithmic audits

DPIAs, open data platforms MeitY (2023)

Monitoring & 

evaluation

KPI-led performance tracking 

+ external review

Dashboards, audit logs, 

citizen surveys

Lai & Cole (2022)

DISCUSSION AND IMPLICATIONS

5.1 Overview

The results of this study highlight a central lesson: 
installing digital systems does not automatically create 
smarter cities. The real value of technology emerges 
only when it is tied to lasting institutions, stable 
financing, and clear governance. The Best Practices 
Taxonomy proposed here stands at the crossroads of 
contemporary debates on urban management, offering a 

lens to interpret its significance for theory, public policy, 
and practical management.

5.2 Theoretical implications

This research strengthens the argument that smart cities 
should be conceptualised as socio-technical 
arrangements rather than purely technological projects. 
Earlier work tended to prioritise technical performance 
(Batty, 2012; Caragliu, Del Bo, & Nijkamp, 2011), 
whereas more recent scholarship has emphasised 
democratic governance and equity (Meijer & Rodríguez 
Bolívar, 2016). By drawing together global practices, the 
taxonomy shows that tools such as IoT platforms or AI 
systems provide genuine public benefit only when 
supported by canonical identifiers, lifecycle-based 
financing, and institutional continuity. In short, 
“smartness” emerges not from gadgets in isolation but 
from their integration into robust managerial 
frameworks.

5.3 Policy implications

For decision-makers, the taxonomy provides clear entry 
points for reform:

l Institutional continuity: Transition from 
temporary SPVs to permanent municipal 
bureaus to ensure long-term stewardship.

l Procurement renewal: Build requirements 
such as API-first compliance, portability testing, 
and escrow arrangements into all procurement 
contracts.

l Financial realism: Match capital investment 
with guaranteed operational budgets; explore 
pooled procurement and smart taxation tools.

l Equity and rights: Treat inclusion as a design 
principle—implement privacy-by-design, offer 
multilingual and offline access, and ensure 
fairness in service delivery.

● Accountability mechanisms:  Employ 
dashboards that combine operational KPIs with 
real-time citizen feedback, keeping transparency 
central.

These measures resonate with international frameworks 
on interoperability and AI ethics, while adapting to 
India's institutional and fiscal context (OECD, 2020; 
European Parliament, 2025).

5.4 Managerial implications

For those working within municipalities, technology 
firms, or community groups, the framework translates 
theory into practical instruments:

l City leaders receive a checklist of immediate 
tasks, from establishing canonical IDs to 
protecting OPEX and enforcing training 
requirements.

l Vendors gain a blueprint for structuring bids 
around modular contracts, transparent lifecycle 

   109   n n

"PARIDNYA" - The MIBM Peer Reviewed Journal Volume 11  |  Issue 1 | January 2025

Online ISSN No.: 2457-0281 



costs, and capacity-building obligations.

l Citizens and civic groups find clearer 
opportunities to monitor progress through open 
datasets, performance dashboards, and civic 
innovation labs.

In essence, the managerial contribution of this study lies 
in operational artefacts—SOPs, procurement templates, 
and KPI dashboards—that ease adoption and long-term 
use.

5.5 Implications for the Global South

Urban areas in the Global South face similar 
barriers—fragmented bureaucracies, fiscal shortfalls, 
and digital divides—which makes these lessons broadly 
relevant. Practices like Barcelona's open-source 
middleware, Singapore's staged digital twins, or Seoul's 
civic labs are transferable, but only if enabling 

conditions such as master data management, inter-
agency coordination, and protected OPEX are secured. 
The Songdo case warns against simply importing 
technocratic enclave models without social adaptation. 
For these cities, the wiser path is selective borrowing 
combined with reforms rooted in local realities.

5.6 Research agenda

Because this work is conceptual, the next step is 
empirical validation. Future studies should test whether 
specific best practices actually lead to measurable 
improvements in fiscal stability, service quality, and 
citizen satisfaction. India's staggered rollouts provide 
fertile ground for quasi-experimental evaluation. 
Researchers should also examine how national Digital 
Public Infrastructures (e.g., India Stack, Land Stack) can 
function as foundational layers for urban governance.

Table 6. Transferable practices in smart city design: potential and caveats

Practice (Global 

Example) 

Transferability to 

India/Global 

South 

Enabling 

Conditions 

Caveats / Risks (APA 6th) 

Open-source middleware 

(Barcelona – Sentilo) 

High Municipal 

ownership, open data 

frameworks, 

developer networks
 

May underperform without 

adequate IT skills (Bain, 

2014).
 

Phased digital twins 

(Singapore –
 
Virtual SG)

 

Conditional
 

Reliable geospatial 

datasets, inter-agency 

cooperation, stable 

OPEX
 

High costs; risk of 

obsolescence if updates 

lapse (Mazzetto, 2024; 

OECD OPSI, 2022).
 

Semantic standards 

(Seoul –
 
NGSI-LD)

 

High
 

Adoption of 

standards, civic lab 

funding, governance 

commitment

 

Demands upfront training 

and investment (Jeong, 

Kim, Park, & Rho, 2020).

 

Civic labs and public 

participation (Seoul, 

Amsterdam)

 

High

 

Institutional support, 

transparency, 

inclusive design

 

Can be tokenistic or 

dominated by elites (Meijer 

& Rodríguez Bolívar, 

2016).

 ICCC–ERP integration 

(Ahmedabad, Pune)

Conditional

 

Canonical IDs, ERP 

linkage, ring-fenced 

OPEX

May remain siloed if not 

embedded in workflows 

(Praharaj, 2025).
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  GIS-driven taxation 

(Ahmedabad, Surat)

 

High

 

Canonical property 

IDs,

 

ERP–finance 

linkages, staff 

capacity

 

Resistance from vested 

interests; risk of excluding 

digitally unskilled 

taxpayers (Caragliu, Papa, 

&Kourtit, 2023).

 
Blockchain registries 

(Dubai, India pilots)

 

Conditional

 

Legal authority, ERP 

integration, strong 

privacy protections

 

Still experimental; weak 

governance could 

undermine trust (Digital 

Dubai, 2024; MeitY, 2023).

 
Smart procurement 

(CAPEX+OPEX bundles, 

modular contracts)

High

 

Procurement 

reforms, skilled 

contract managers, 

Corruption risks if 

monitoring is lax (Neirotti, 

De Marco, Cagliano, 

CONCLUSION AND POLICY 
RECOMMENDATIONS

6.1 Conclusion

This paper set out to gather practical lessons from global 
smart-city experience and translate them into a 
management-oriented framework relevant to India and 
similar contexts. The central insight is that technology 
matters, but it matters most when embedded in enduring 
institutions, lifecycle financing, interoperability 
standards, workforce capacity, and citizen-oriented 
governance (Meijer & Rodríguez Bolívar, 2016; 
Neirotti et al., 2014). The Best Practices Taxonomy 
consolidates these ideas into eight pillars—contextual 
design; governance and institutions; EPC and 
procurement; technology stacks; finance and revenue; 
human resources; policy and data governance; and 
monitoring and evaluation—each informed by 
international exemplars but adapted to local caveats 
(e.g., master data needs; OPEX commitments). The 
conceptual contribution reframes “smartness” as a 
managerial outcome: it emerges when technology and 
institutional design are co-created rather than treated 
sequentially.

6.2 Policy recommendations

The taxonomy points to concrete policy actions:

(a) Institutional reform

l Phase out ephemeral SPVs in favour of permanent 
Smar t  C i ty  Bureaus  wi th in  munic ipa l  
administrations.

l Appoint professional Smart City Managers on fixed 
tenures, supported by CTOs, CIOs, and Data 
Protection Officers.

l Lock in inter-agency coordination through MOUs 
and SLAs with utilities and parastatals. (Praharaj, 
2025)

(b) Procurement and EPC

l Require API-first, modular procurements that bundle 
CAPEX with guaranteed OPEX.

l Insist on portability tests, escrow of critical 
configurations, and vendor training milestones.

l Build state-level pooled procurement platforms 
where feasible to exploit scale economies (OECD, 
2020).

(c) Financing and sustainability

l Ring-fence operational budgets before awarding 
major projects to avoid stranded CAPEX.

l Broaden municipal revenue through GIS-driven 
property taxation, user charges, and value-capture 
mechanisms.

l Support municipal/green bonds under transparent 
governance and credit-rating regimes.

(d) Technology and standards

l Adopt layered architectures underpinned by 
canonical identifiers for assets, properties, and 
residents.

l Institutionalise Master Data Management and 
semantic standards (e.g., NGSI-LD).

l Apply AI governance tools (model cards, audits, 
human oversight) consistent with emerging 
regulations (European Parliament, 2025).

(e) Human resources and capacity

l Collaborate with universities and national 
institutions to create certification pipelines and 
training programmes.

l Define core professional roles across smart city 
functions and enforce contractual knowledge 
transfer from vendors (Anderson, Lim, & Tushman, 
2021).
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(f) Inclusion and citizen engagement

l

participatory dashboards to bridge access gaps.

l Institutionalise civic labs and regular feedback 
mechanisms to surface user needs.

l Embed privacy-by-design and consent frameworks 
in all data practices (MeitY, 2023).

(g) Monitoring and evaluation

l Mandate operational KPIs (e.g., ICCC uptime, SLA 
compl iance ,  MTTR,  a le r t→ work-order  
conversion).

l Combine citizen perception surveys with objective 
system metrics and independent audits.

l Publish anonymised logs to enable third-party 
scrutiny and academic research.

6.3 The way forward

The management-first blueprint presented here is not 
merely theoretical: it is immediately actionable. 
Policymakers can embed the recommendations into 
procurement rules, municipal finance codes, and 
governance reforms; practitioners can tailor SOPs and 
procurement templates to local realities; and researchers 
can operationalise the taxonomy in rigorous 
evaluations. The overarching goal is to move beyond 
piecemeal, pilot-centric projects toward integrated, 
resilient, and citizen-centred urban systems where 
technology serves durable public value rather than 
short-lived demonstrations.

EXECUTIVE SUMMARY

Across the world, cities are turning to digital 
technologies to address chronic problems such as traffic 
congestion, pollution, gaps in service delivery, and 
fragmented governance. Tools like IoT networks, data 
platforms, and artificial intelligence have expanded 
what is possible, but global outcomes remain uneven. 
Cities such as Barcelona, Singapore, and Seoul 
demonstrate that innovations like open-source 
middleware, phased deployment of digital twins, and 
semantic standards can achieve scale and resilience 
(Bain, 2014; Jeong et al., 2020). In contrast, Songdo 
illustrates the risks of overly technocratic projects that 
lack community roots and social legitimacy (Halpern et 
al., 2013).

India's Smart Cities Mission offers another mixed 
picture. More than 100 Integrated Command and 
Control Centres (ICCCs) have been established, 
showing clear benefits in areas such as surveillance and 
incident response. Yet concerns persist around siloed 
operations, dependence on vendors, and questions about 
how these systems will be sustained once the mission 
period ends (Praharaj, 2025).

This study develops a management-first Best 
Practices Taxonomy, structured around eight 
interlinked pillars: (1) contextual design, (2) governance 

Provide multilingual portals, offline kiosks, and 

and institutions, (3) EPC and procurement, (4) 
technology stacks, (5) finance and revenue, (6) human 
resources, (7) policy and data governance, and (8) 
monitoring and evaluation. The core argument is 
straightforward: smart cities achieve durability when 
technological systems are embedded in permanent 
institutions, supported by lifecycle financing, built on 
interoperable standards, and governed in ways that are 
inclusive and citizen-focused.

Priority policy measures include: establishing Smart 
City Bureaus as permanent municipal bodies; reforming 
procurement processes around API-first and lifecycle-
based principles; ring-fencing operational budgets 
(OPEX); strengthening human capital through defined 
professional roles and training pipelines; and mandating 
transparent evaluation mechanisms with active citizen 
engagement.

Practical outputs from this research include operational 
tools such as SOPs, model procurement templates, 
capacity-building frameworks, and KPI dashboards. 
These instruments can be readily adopted by city 
managers, municipal leaders, and vendors to move 
beyond pilot projects and toward integrated systems.

Looking ahead, future research should empirically test 
whether these best practices improve fiscal 
sustainability, enhance service efficiency, and raise 
citizen satisfaction.
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