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Abstract

The seventeen core goals of the UN's 2030 Agenda for Sustainable Development demand the need for collective  
action along social, economic, and environmental fronts. Artificial intelligence (AI), the Internet of Things (IoT), 
blockchain, along with cloud/edge computing are notable examples of intelligent technologies and also regarded 
as  facilitators  of  this  agenda.  However,  the  literature  that  discusses  these  technologies  tends  to  interpret  
technology and policy goals in isolation, thus paying inconsistent attention across the seventeen goals and hardly 
establishing its claims on the realities of any one nation. This paper aims to bridge that gap. It presents a taxonomy 
of intelligent technologies, aligns them onto a particular segment of the Sustainable Development Goals (SDGs) 
involving infrastructure, human well-being, education, energy and climate, disparities, and sustainable cities, and  
foundations that connecting on case studies from smart city initiatives and digital public infrastructure projects in 
India.  With  the  goal  to  lead future  technology-for-development  research,  the  research  study  builds  on  this 
depiction and recommends a four-layer conceptual framework: Infrastructure, Intelligence, Trust, and Impact. It 
draws its conclusion by inspecting the obstacles that challenge this optimism, such as the digital gap, data privacy, a 
bias in the algorithm and environmental impact of computation itself, before emphasizing federated and privacy-
preserving techniques as a feasible direction for further research.
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1. Introduction

Growth in the economy, social inclusion, and environmental protection must all be taken into account within 
a single policy agenda with the objective to achieve sustainable development, which is far easier to say than 
to achieve. The 17 Sustainable Development Goals (SDGs) of the United Nations, focusing on poverty, health, 
education, climate change, and institutional standards, have been utilized as the primary global framework 
for  accomplishing it  since 2015 [1].  As  India's  own digital  public  infrastructure layer  shows,  intelligent 
technologies—machine  learning,  IoT  sensor  networks,  blockchain,  and  cloud/edge  computing—have 
transformed in the same ten years from academic interest to deployable infrastructure thriving at national  
scale.

However, there remain two gaps in the study on "AI for Social Good" and "AI for SDGs," with an increasing 
interest  in  these fields.  The first  is  conceptual:  a  significant  amount  of  the literature treats  intelligent 
technologies as a single, homogenous category, hiding actual contrasts in the ways that blockchain, IoT, and 
AI make their own contributions to development outcomes. The second is contextual: studies of technology-
SDG mapping typically  function at  a global  level  of  abstraction, which makes them detached from the 
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institutional concerns of any one nation, which limits their  applicability to technologists and politicians 
functioning within a specific national context.

The goal of this work is to close both gaps. It tries to: (i) offer a brief taxonomy of intelligent technologies that 
are relevant to sustainable development;  (ii)  align these technologies onto a targeted subset of  SDGs,  
referring to specific targets rather than just targets; (iii) establish the mapping in cases gathered from the 
Indian digital ecosystem, including the Ayushman Bharat Digital Mission (ABDM), the Unified Payments 
Interface (UPI), Aadhaar, and municipal smart city initiatives; (iv) recommend a multi-layered conceptual 
framework that links an infrastructure to development benefit; and (v) illustrate the ethical and governance 
challenges associated with this technology-based approach.  

2. Related Work

As "ICT for Development (ICT4D) scholarship, focused solely on interactivity and ease of access, constitutes 
the place where research at the nexus of intelligent technology and development emerged. Over the past  
decade, that scholarship has given way to a more recent “AI for Sustainable Development” (AI4SD) literature 
centred instead on predictive and decision-support capability [2]. Among the most widely cited assessments 
in this space, Vinuesa et al. find that AI can act as an enabler for a majority of SDG targets while also posing  
risks to others—particularly where automation displaces labour or concentrates control over data [2]. Rolnick 
et al. take a similarly broad view, cataloguing machine learning applications across climate-relevant domains 
from grid optimization to remote sensing for deforestation, though without proposing any domain-specific  
framework for implementation [3].

A parallel strand of work on IoT-enabled smart cities has examined sensor-driven infrastructure for traffic, 
waste, and utility management, but tends to treat smart city deployment as an end in itself rather than as one 
instance  of  a  broader  pattern  in  technology-for-development  [13].  Similar  patterns  are  identified  in 
blockchain-based research, which focuses on land registry systems or supply chain transparency, in contrast 
with larger SDG mapping work [12]. By incorporating a cross-technology taxonomy with an explicitly defined, 
target-level  SDG  mapping  with  a  support  in  a  specific  national  context  of  India,  where  digital  public  
infrastructure has attained a scale and competence in practical background, this study differs from both 
strands of study.

3. Taxonomy of Intelligent Technologies

The taxonomy used for this paper is made up of four technology types which appear frequently in the AI4SD 
literature.

3.1.1. Artificial Intelligence and Machine Learning

Various predictive applications, like crop yield forecast and disease risk assessment, depend on supervised, 
unsupervised, and reinforcement learning methodologies. One variation, known as federated learning, is 
particularly  well-suited  for  emerging  contexts  where  shared  data  vulnerability  or  rules  that  restrict  
centralization since it trains models among distributed data sources without sharing the underlying raw data.

3.1.2. Internet of Things and Sensor Networks

The data flows to downstream AI systems depend on primarily low-cost, dispersed sensors which facilitate  
continuous environmental and infrastructure monitoring, that involves tracking traffic flow, energy usage, 
and the quality of air and water. 
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3.1.3. Blockchain and Distributed Ledger Technologies

In several  contexts,  where institutional  credibility  is  insufficient or inconsistent,  distributed ledgers can 
provide tamper-resistant records-keeping rather than relying on a single authorized agent or person. This is  
ideal for supply chain provenance, land registries, and credential verification purposes.

3.1.4. Cloud and Edge Computing

While edge computing generally puts the inference close to the data source that can reduce the bandwidth  
and latency for real time applications like traffic signal control, results in the cloud platforms deliver the 
elastic computation as well as the storage needed for large-scale deployments.

4. Mapping Intelligent Technologies to the SDGs

This study prioritizes the six SDGs for which intelligent technologies make the most evident and established  
results, rather than a quick review of all 17 SDGs.

4.1.1. SDG 3 – Good Health and Well-Being

Target 3.8 stands for universal  health coverage,  a vision that is  now being accomplished by federated  
learning, which operates across healthcare systems, telemedicine platforms, and AI-assisted diagnosis triage 
techniques while minimizing the necessity to centralize confidential medical records.

4.1.2. SDG 4 – Quality Education

Here, natural language processing for regional languages like Malayalam offers online educational content to 
students, who would normally be learned by English-medium resources, while adaptive learning algorithms 
can customize educational pace according to the student.

4.1.3. SDG 7 and SDG 13 – Clean Energy and Climate Action

Demand  prediction  and  integration  of  renewable  energy  sources  are  facilitated  by  IoT-instrumented 
intelligent grids, and machine learning models take one step further by offering a combination of emissions 
tracking and climate risk prediction at a level that is surpassed by manual analysis [3].

4.1.4. SDG 9 – Industry, Innovation and Infrastructure

The concept of cloud-enabled digital public infrastructure is illustrated by India's identity, payment system, 
and healthcare  records  platforms,  which  highlight  how shared  digital  "rails"  may  reduce  the  marginal 
expenditures of application development for any kind of sector. 

4.1.5. SDG 10 – Reduced Inequalities

Blockchain-based authentication and financial platforms have a potential to bring in formerly undocumented 
segments into structured economic interaction. However, this calls for an investment in digital competence  
and device accessibility.

4.1.6. SDG 11 – Sustainable Cities and Communities

Target  11.6  deals  with  cities  adversely  impacting  the  environment,  Target  11.b  supports  integrated 
approaches focusing on resilience to disasters and efficient use of resources. AI-driven traffic handling and 
disaster alert systems, when coupled with IoT sensor networks for waste management and air quality control, 
directly address both.
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5. Indian Contextual Case Studies

5.1.1. Digital Public Infrastructure: UPI, Aadhaar, and ABDM

A significant case study of technology-driven development initiatives is proposed by India's multilayered 
approach  to  digital  public  infrastructure  (DPI).  The  basic  identity  layer  is  offered  by  Aadhaar;  an 
interoperable, real-time payments layer has been added by the Unified Payments Interface (UPI); and an 
Ayushman Bharat Digital Mission (ABDM) further extends the same layered logic to medical records in an 
effort to create portable and consent-based digital health credentials [6][7][8]. Together, these platforms 
implement the shared infrastructure logic of SDG 9 and have been associated with supporting SDG 1, SDG 8, 
and SDG 10 through improved financial accessibility; yet a thorough and independent impact assessment is 
still a requirement for future studies.

5.1.2. Smart City Initiatives in Kerala

Across100 cities chosen including Kochi in India's Smart Cities Mission has offered financial assistance for IoT-
enabled municipal infrastructure, comprising the combined command-and-control platforms, adaptive traffic 
management,  and  environmental  sensor  networks  [9].  However,  compared  to  more  broadly  studied 
metropolitan cases of cities like Delhi, Bengaluru, and Pune, Kerala's smart city and e-governance initiatives 
are still quite under-documented, enabling potential for an emerging case-study contribution in accordance 
with SDG 11 targets 11.6 and 11.b.

6. Challenges and Ethical Considerations

• Digital divide – the uneven distribution of smart technology deployment in the fields where device 
access, connectivity, and digital literacy are not equally distributed. 

• Data privacy – Sensitive data is arranged by means that prevailing rules partially deal with health, 
financial, and biometric applications built on a common digital infrastructure, bringing up significant 
concerns regarding security and consent. 

• Algorithmic bias – models which have already been trained on biased data run the risk of replicating or 
even increasing current socioeconomic injustices, particularly with regard to applications related to 
credit score and healthcare.

• Environmental cost of computation – AI's potential as a climate solution is conflicting with the energy  
and water consumption demands of large-scale AI training as well as inference.

• Governance gaps –The speed of  the implementation process has simply exceeded the legislative 
frameworks for algorithmic transparency, platform compatibility, and worldwide data flows.

7. Proposed Conceptual Framework

The study suggests a conceptual framework linking basic infrastructure observable development impact, in 
order to integrate the connections that are defined in Sections 3 through 6 (Table 1). The infrastructure offers 
data and computation, intelligence processes and transforms the data into predictions and decisions as 
outcomes, trust mechanisms make sure that decisions made are transparent and preserve privacy, and the 
impact layer yields results within the sectors that are mapped to particular SDG targets. Each layer develops 
over the one below it. 

Table 1. The layered framework mapping of intelligent technologies to SDG impact.
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Layer Core Technologies Function Example SDG 
Linkage

Infrastructure IoT sensors, cloud/edge 
computing, 
connectivity networks

Data acquisition and 
computational 
backbone

SDG 9, SDG 11

Intelligence Machine learning, deep 
learning, federated 
learning

Pattern recognition, 
prediction, decision 
support

SDG 3, SDG 4, SDG 13

Trust Blockchain, homomorphic 
encryption, access control

Data integrity, 
privacy preservation, 
accountability

SDG 10, SDG 16

Computational overhead Low to moderate Low to moderate, at 
the controller

Reduced via event-
triggering [4]

Impact Application layer (health, 
education, governance, 
energy)

Delivery of 
measurable 
development 
outcomes

All mapped SDGs

It is preferable to think of this framework as an organizing instrument for next empirical studies rather than a 
final review model. Applying it to a particular combination of deployed systems and identifying whether its 
layered  structure  predicts  the  implementation  outcomes  more  precisely  than  current,  single-layer 
technology assessments would be essential to appropriate validation purposes. 

8. Conclusion and Future Work

This study suggests that intelligent technologies—AI,  IoT,  blockchain,  and cloud/edge computing—have 
contributed  to  sustainable  development  in  unique  and  mutually  beneficial  ways.  The  best  method to  
understand this contribution is through a target-level SDG mapping determined by a particular 

national perspective as opposed to making ambiguous, objective-level remarks. It has shown how a layered 
Infrastructure–Intelligence–Trust–Impact architecture may organize the mapping, employing India's digital 
public infrastructure and smart city efforts as case studies. Simultaneously, the study brought to light the  
underlying problems like the digital divide, data privacy, algorithmic bias, and the environmental cost of 
computation, that limit any excessive favorable view of technology-led evolution.

There are two directions for future research. First, the suggested framework is verified empirically against the 
systems that have already been implemented. The second is a deeper investigation of privacy-preserving 
architectures,  namely  federated  learning  with  homomorphic  encryption,  for  sensitive  development 
applications like cross-disciplinary healthcare analytics, where usage is frequently restricted by a need to 
centralize data.
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