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Abstract—Big Data is increasingly recognized as a transformative 

force reshaping industries, governance, and society. This paper 

presents a structured synthesis of current research (2020–2025) on 

Big Data technologies, applications, and governance challenges. 

Many studies highlight technical advances such as Hadoop, Spark, 

Kafka, and cloud data lakes. However, fewer focus on governance, 

ethics, and organizational readiness, especially in SMEs. The paper 

adopts a qualitative thematic review of peer-reviewed literature and 

industry reports. Findings indicate that Big Data’s impact extends 

beyond technical capability, requiring integrated approaches that 

balance scalability, security, regulatory compliance, and business 

value creation. Case studies in retail, healthcare, finance, and 

manufacturing demonstrate measurable benefits, while 

governance failures underscore risks of bias, privacy breaches, and 

project failures. The paper contributes a governance-oriented 

adoption framework and a comparative analysis of advantages, 

limitations, and risk mitigation strategies. Future trends such as real- 

time edge analytics, explainable AI, federated learning, and 

sustainability are discussed as essential directions for responsible 

deployment. 
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I. Introduction 

The exponential growth of digital data from social media, IoT 

devices, and enterprise systems has positioned Big Data as a 

cornerstone of modern business transformation. Characterized 

by the “5Vs”—volume, velocity, variety, veracity, and value— 

Big Data challenges traditional approaches to storage, 

processing, and analysis [4]. Its technical promise is widely 

acknowledged; however, successful adoption extends beyond 

technology. Governance, organizational readiness, and ethical 

considerations are equally critical, especially for SMEs. 

 

A. Research Gap 

Existing studies predominantly focus on technical frameworks 

or adoption in large enterprises. Few explore how governance 

challenges—such as data privacy, security, and regulatory 

compliance—affect adoption outcomes in SMEs. This paper 

addresses this gap by synthesizing technological, 

organizational, and governance perspectives to provide a 

holistic framework. 

 

B. Objectives 

- Review core Big Data technologies and industry adoption. 

- Analyze governance, ethics, and organizational readiness 

challenges. 

- Map real-world applications across industries. 

- Propose a governance-oriented framework for sustainable 

adoption. 

- Identify future trends shaping Big Data’s trajectory. 

 

 

 

II. Literature Review 

A. Big Data Technologies 

Hadoop and its distributed file system (HDFS) laid the 

foundation for distributed storage and batch processing. 

Apache Spark provides in-memory processing and accelerated 

machine learning pipelines [4]. Kafka enables real-time data 

pipelines, critical for fraud detection, IoT monitoring, and 

recommendation systems. NoSQL databases and cloud-based 

data lakes provide flexible storage solutions. Emerging 

technologies include AI-driven data management, graph 

databases, and real-time stream processing. 

 

B. Applications Across Industries 

- Retail: Recommendation engines, demand forecasting, 

dynamic pricing [1]. 

- Healthcare: Predictive analytics for patient outcomes and 

personalized medicine. 

- Finance: Fraud detection, credit risk analytics, personalized 
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services. 

- Manufacturing: Predictive maintenance and process 

optimization. 

 

C. Governance and Ethics 

Key challenges include data quality, privacy compliance, 

algorithmic bias, and fragmented silos [3]. Regulatory 

frameworks such as GDPR emphasize privacy, accountability, 

and transparency. Ethical practices require audit trails, AI 

transparency, and stakeholder engagement. 

 

D. Emerging Trends 

- Real-time analytics and edge computing. 

- Federated learning for privacy-preserving analytics. 

- Explainable AI (XAI) for transparency. 

- Sustainable and energy-efficient infrastructures [2]. 

 

III. METHODOLOGY 

A qualitative thematic review of literature from 2020–2025 was 

conducted, using IEEE, Springer, Elsevier, MDPI, and preprint 

sources. 

 

Inclusion Criteria: Peer-reviewed studies on Big Data 

technologies, governance,  or applications. 

Exclusion Criteria: Purely technical algorithmic studies lacking 

governance  or application  focus. 

 

 

 

 

 

 

 

Fig 1: Research Methodology Flow Diagram 

 

 

IV. BIG DATA TECHNOLOGIES 

| Technology | Key Features | Use Cases | Limitations | 

 

 

| Hadoop | Distributed storage, batch processing | Legacy 

systems | Poor real-time performance | 

| Spark | In-memory processing, ML pipelines | Real-time 

analytics | High memory consumption | 

| Kafka | Streaming pipelines | Fraud detection, IoT | 

Deployment complexity | 

| NoSQL / Cloud Lakes | Flexible, scalable storage | Polyglot 

persistence | Governance complexity | 

 

 

V. APPLICATIONS & CASE STUDIES 

Retail: Real-time recommendation engines increase sales 

conversion. 

Healthcare: Predictive analytics reduces readmission rates. 

Finance: Fraud detection and risk analytics enhance trust. 

Manufacturing: Predictive maintenance minimizes downtime. 

 

 

VI. GOVERNANCE, ETHICS & RISK MITIGATION 

Challenges: data quality, privacy compliance, algorithmic bias, 

data silos. 

Mitigation strategies: governance frameworks, privacy- 

preserving   techniques,   ethical   AI   frameworks. 

 

 

Fig 2: Steps to Implement Data Governance 

 

 

VII. PROPOSED FRAMEWORK: GOVERNANCE-ORIENTED BIG 

DATA ADOPTION 

 

 

Five-stage model for SMEs and enterprises: 

1. Data Strategy Alignment: KPIs, risk management, 

compliance. 

2. Infrastructure Adoption: Hadoop, Spark, Kafka, Cloud Lakes. 

3. Governance Integration: Data lineage, role-based access, risk 

assessments. 

4. Business Value Mapping: ROI, efficiency, revenue tracking. 

5. Continuous Monitoring: Dashboards, audits, iterative 

improvements. 

 

 

VIII. FUTURE TRENDS 

- Real-Time Edge Analytics: Low-latency IoT processing. 

- Explainable AI: Transparent AI decision-making. 

- Federated Learning: Privacy-preserving model training. 

https://ijsrem.com/


International Journal of Scientific Research in Engineering and Management (IJSREM) 
Volume: 09 Issue: 10 | Oct - 2025 SJIF Rating: 8.586 ISSN: 2582-3930 

© 2025, IJSREM | https://ijsrem.com DOI: 10.55041/IJSREM53012 | Page 3 

 

 

- Sustainability: Energy-efficient infrastructure [2]. 

 

 

 

 

 

 

 

Fig 3: Big Data Trends 

 

 

IX. CONCLUSION 

Big Data adoption requires balancing technological innovation 

with governance, ethics, and organizational readiness. A 

governance-oriented framework ensures SMEs and large 

enterprises can achieve measurable business outcomes while 

maintaining compliance and ethical standards. Future research 

should focus on sector-specific governance, explainable AI, and 

sustainable infrastructures. 
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