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Introduction 

Web 3.0, also known as "Semantic Web," aims to create a 

more intelligent, networked, and centralized Web experience 

by introducing meaning and context to the Web's 

architecture. Blockchain, AI, and machine learning are some 

of the technologies that enable decentralized systems, 

enhanced data security, and personalized experiences. Web 

3.0 is founded on a base of secure, transparent, and free-from-

central-control applications. It has its most important features 

as linked data, which enables users to navigate and 

comprehend interlinked data with ease.[1] The potential use 

of Web 3.0 in the future can be found in things such as 

personalized health, decentralized finance, smart home, IoT 

appliances, digital ownership, social media, healthcare, 

education, sustainable living, and decentralized governance. 

The internet's history can be divided broadly into three 

phases: Web 1.0, Web 2.0, and Web 3.0. [2] In its initial 

phase, Web 1.0 was all about distributing information-static 

websites provided content with minimal to no interaction, 

With the emergence of Web 2.0, the internet became dynamic 

and social, enabling users to create content, interact with 

others, and become part of online communities. But with this 

greater interactivity came issues, with respect to data privacy 

and security. Today, we are moving into the Web 3.0 era, a 

smarter, more decentralized web powered by artificial 

intelligence, blockchain technology, and semantic 

intelligence. This new era does not just upgrade human-to-

human interaction but also human-to-AI interaction, which 

makes online life more personalized and autonomous. But it 

also raises challenges like users will now need to deal with an 

information-rich world where it is harder to separate fact 

from reality. As the web evolves, the importance of digital 

literacy, the capacity to comprehend and interact with digital 

content increases dramatically. But still, it is difficult to 

define digital literacy.[6] As much as its use has been  

 

 

 

increasing, there is no agreed definition yet, which is a 

testament to the intricacies and multi-dimension nature of 

digital interaction within the modern web world. And now, 

the online world awaits a new era known as Web 3.0. People 

also call it the semantic web read-write-execute web, or 

decentralized web. Web 3.0 aims to cause a revolution in how  

we create, share, and use data. It does this by using smart, 

trust less, and spread-out technologies [3][4]. Unlike Web 

2.0, which focuses on centralized platforms, dominance of 

big tech, and making money from user information, Web 3.0 

imagines a spread-out system powered by blockchain, secure 

coding smart contracts, and computer-to-computer networks 

[7]. It mixes language-understanding tech and AI to help 

machines process data with context leading to smarter and 

more tailored online experiences [5]. 
 

I. LITERATURE REVIEW 

 

While Web 3.0 promises to revolutionize the digital world 

with its decentralized, smart, and user-led approach, it also 

poses a set of advanced challenges to be addressed by both 

technology and regulation. The most urgent is scalability. 

Although blockchain technology offers a highly secure and 

transparent environment, existing blockchain networks are 

extremely inefficient in transaction speed and network 

throughput. Well-known blockchain networks such as 

Bitcoin and Ethereum can process only many orders of 

magnitude fewer transactions per second than existing 

centralized systems such as Visa or Mastercard [9]. 

Decentralized applications (dApps) are a practical 

impossibility for real-time applications such as instant 

payments, online gaming, and mass-scale social networks. 

Researchers are already working on solutions such as layer-2 

scaling technologies, sharding, and alternative consensus 

algorithms like Proof-of-Stake (PoS) to enhance transaction 

throughput without compromising security [13]. 

There is another huge challenge in the interoperability 

arena. Web 3.0 is envisioned to be a web in which several 

http://www.ijsrem.com/
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blockchain networks and traditional web services can 

communicate effortlessly. Currently, however, the ecosystem 

consists of numerous stand-alone blockchain platforms, with 

each platform having its own protocols, consensus 

algorithms, and data models. It is not easy to integrate 

decentralized networks into one another and into Web 2.0 

apps that currently exist [12].In the absence of standardized 

frameworks and protocols for interoperability, it is not easy 

to achieve the full promise of a decentralized, interconnected 

web. Polkadot, Cosmos, and the Interledger Protocol (ILP) 

are already attempting to bridge some of these gaps by 

enabling cross-chain transactions and data exchanges [8]. 

Regulatory ambiguity is another enormous roadblock to the 

adoption of Web 3.0 technology. The decentralized nature of 

blockchain platforms complicates the enforcement of 

existing laws on financial transactions, data privacy, and 

intellectual property [11]. Anonymity issues in transactions, 

decentralized autonomous organizations (DAOs), and 

decentralized finance (DeFi) services raise consumer 

protection, money laundering, tax evasion, and cybersecurity 

challenges. In an effort to contain this, some nations have 

started to frame regulatory guidelines for blockchain-based 

services, while bodies like the Financial Action Task Force 

(FATF) have recommended guidelines aimed at minimizing 

such new risks [10]. Yet, global consensus on regulating 

decentralized networks is still far off. 

Going forward, industry thought leaders and researchers are 

advocating for hybrid solutions that can harness the strength 

of decentralized architecture with the regulatory controls that 

are needed. These solutions would maintain the transparency, 

user privacy, and autonomy of decentralized technologies 

while incorporating governance elements to protect 

consumers and comply with regulations. Furthermore, 

advances in artificial intelligence (AI), federated learning, 

and privacy-preserving technologies such as zero-knowledge 

proofs (ZKPs) and homomorphic encryption offer promising 

avenues to further enhance security, scalability, and user 

control in Web 3.0 systems [14]. By integrating these 

breakthroughs, it may be possible to develop an equitable 

internet architecture that maximizes individual rights and 

open collaboration without diminishing safety, performance, 

or compliance. Lastly, the realization of Web 3.0's full 

potential will depend on sustained collaboration among 

policymakers, technologists, and industry leaders. The 

challenges it will have to overcome are not insurmountable, 

but they will require a convergence of technological 

advancement, regulatory growth, and mass-scale user 

education. As decentralized technologies grow more mature 

and governance models continue to evolve, Web 3.0 can 

ideally reshape the manner in which information, assets, and 

services are traded in the virtual space. 
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III. CORE TECHNOLOGIES 

Web 3.0 is no hype—it's a technological revolution that's 

changing the way we think about the internet. Unlike the 

earlier versions of the web, which were centered around 

centralized systems, Web 3.0 is built on decentralization, 

trust, and user control. At the heart of this change are some 

key technologies that are converging to build the building 

blocks for a more secure, personal, and user-controlled digital 

world [23]. 

Blockchain technology stands out as a key part of Web 3.0. 

Picture a digital book spread across thousands of computers. 

This book logs every transaction and prevents changes to 

these records. Ethereum and other platforms have expanded 

blockchain beyond cryptocurrencies. They now let 

developers build decentralized apps (dApps) that run on 

smart contracts—self-executing agreements that trigger 

when specific conditions are met [15][20].This cuts out 

middlemen and builds a new level of trust. Polkadot takes 

this idea a step further by allowing different blockchains to 

communicate, enabling more responsive and integrated Web 

3.0 applications [16]. 

To turn this decentralized vision into reality, we also have the 

InterPlanetary File System (IPFS). This peer-to-peer file 

sharing and storage system breaks away from the traditional 

model of relying on centralized servers. Instead of locating 

files by server location, IPFS finds them by their content 

using content addressing. This approach enhances data 

resilience, speeds up access, and makes censorship or data 

loss far less likely [17]. 

Web 3.0 also introduces Decentralized Identifiers (DIDs), a 

new form of identity that gives individuals complete control 

over their digital presence. With DIDs, users can authenticate 

or use services without relying on centralized databases or 

major tech corporations [18]. This shifts identity 

management from providers to individuals, ensuring a more 

private and secure online experience. 

And naturally, with increased control comes the need for 

increased privacy. That's where Zero-Knowledge Proofs 

(ZKPs) shine. These allow one to prove the validity of 

information without revealing the actual data—like proving 

you're over 18 without disclosing your birth date. ZKPs 

protect confidentiality while still enabling trust, making them 

ideal for finance, identity verification, and even secure voting 

[19]. 

As noted earlier, smart contracts are central to Web 3.0. 

Because they’re embedded in the blockchain, they are 

immutable and transparent, making them ideal for 

applications where trust is critical—such as decentralized 

finance, art marketplaces, and beyond [15].Already, smart 

contracts are being used in industries like insurance, supply 

chain management, and gaming, showcasing their versatility 

and impact. 

Collectively, these foundational technologies are not only 

innovations—they’re rewriting how we experience the 

internet. From how files are stored and identities are managed 

to how privacy is protected and contracts are executed, Web 

3.0 technologies are reshaping what’s possible online. Most 

http://www.ijsrem.com/
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importantly, they’re shifting web power dynamics—away 

from centralized institutions and into the hands of users and 

communities [21][23]. 

V. METHODOLOGY 

 

This review paper takes a distinctive approach towards 

analyzing the scope of Web 3.0 technologies including their 

challenges and issues. It addressed gaps in interoperability 

within decentralized ecosystems, security, and user-

friendliness through an explanatory model. The research 

design is primarily qualitative which involves the synthesis 

of documents, whitepapers, and practices from the industry. 

The data for this work has been gathered from leading 

academics and industry websites including IEEE Xplore, 

ACM Digital Library, SpringerLink, and Google Scholar, as 

well as Web3-centric repositories such as arXiv preprints, 

developer blogs, and publications from foundational Web3 

institutions including the Ethereum Foundation, Polkadot, 

and Filecoin. 

To ensure a complete understanding, the review highlights 

five primary focus areas: environmental sustainability, user 

experience (UX) and adoption, security and privacy, 

regulatory compliance, and scalability. Each area is studied 

within the context of existing architectures and protocols: 

Layer 1 blockchains (Ethereum, Solana), Layer 2 scaling 

solutions, Zero-Knowledge Proofs, Decentralized Identity 

(DID) systems, Polkadot and Cosmos interoperable 

frameworks, and Web3 authentication tools like MetaMask 

and WalletConnect. 

 

The paper, besides analyzing the theoretical literature, adds 

empirical evidence where available, for example, transaction 

throughput, energy consumption statistics (Ethereum pre and 

post-merge), and user adoption metrics from DApp tracking 

platforms such as DappRadar and the State of the DApps. 

These metrics enable a comparison of techniques based on 

practical and observable benchmarks, including their 

operational energy consumption, user attrition, and exposure 

to standard security threats like reentrancy, front-running 

attacks, or abuse of control preemption. 

The analyzed technology has been benchmarked on the 

following parameters: security level, scalability, integration 

complexity, compliance feasibility, carbon impact, and after 

synthesis, has been reported on the value and demerit adders 

like user control decentralization and privacy preserving 

features of the technology and non mature user experience 

design and cross chain interoperability challenges. 

 

This approach clearly positioned the forefront research while 

also highlighting consistent overlooked gaps which help 

guide constructing an improvement framework for Web3. 

These include the fundamental concepts of high level design 

for cross-platform compatible structures, intuitive interfaces 

for engaged automation to enhance non-technically skilled 

user participation, all while preserving the core identity of 

Web 3.0. Central within the design stands the ethical 

framework where data ownership, permissioning terms, and 

open-source decentralized governance guidelines are applied. 

 

The course of the research undergoes a comprehensive 

registration, starting from reviewing documents to making 

templates of comparison, to recording design explanations 

for solutions offered. This supports scientific reproducibility 

and builds a robust base for evolving work on the 

technologies of a decentralized web and adoption of web 3.0 

VI. CHALLENGES AND LIMITATION 

 

Even as the adoption of emerging technologies accelerates, 

their integration within existing ecosystems poses a number 

of challenges and constraints. This subsections lists five 

central problems that constrain the successful advancement 

and integration of development technologies. 

a. Scalability Issues 

Decentralized networks, notably blockchains and peer-to-

peer networks, still struggle with scalability. The capacity for 

systems to manage information is heavily taxed by an 

increasing number of users and transactions. Classic 

blockchains like bitcoin and ethereum suffer from 

bottlenecked transaction throughput due to constraints in 

block size and time intervals. Other issues of sustaining 

performance, consistency, and availability with growing 

demand for data and users persist, even with the use of 

distributed databases and cloud computing. Solutions to 

scaling—sharding, off-chain computation, and layer-2 

protocols—tend to introduce new complications and trade-

offs. 

 

B.SecurityandPrivacyIssues 

In the realm of the digital world, both security and privacy 

are fundamental concerns combined with direct threats. 

Today, blunt security measures implemented during new 

technology regression phases, together with new and rapidly 

malleable cybersecurity risks, begin to change the means by 

which one does everything. Take smart contracts for 

example. They are regularly exploited due to code 

vulnerabilities and central exchanges within the blockchain 

ecosystem have suffered colossal breaches. In addition, 

systems which process information related to users’ personal 

data are bound to have privacy concerns. Regardless of the 

implementation of anonymous techniques and encrypted 

frameworks, identifying penetrations via metadata scrutiny 

exposes one’s identity. The development of new technologies 

is indeed positive, but equally heightens the sophistication of 

security frameworks required for an ever evolving perilous 

environment. 

 

c.RegulatoryBarriers 

The lack of an unambiguous and coherent system of 

governance poses one of the greatest challenges to 

innovation. Governments and institutions tend to lag 

technology, creating regulatory uncertainty or overly 

burdensome policies. In the case of fintech, health tech, and 

even decentralized finance (DeFi) verticals, innovators face 

enormous legal ambiguity, stifling growth or deterring 

investment. Besides, compliance with cross-border 

regulation is a substantial hurdle, particularly for 

technologies operating over global networks. Aligning 

regulation and stimulating innovation requires collaboration 

between industry stakeholders and regulators. 

http://www.ijsrem.com/
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d.UserAdoptionandUXComplexity 

As with any technology, user adoption relies significantly on 

the ease of use. Most systems with great promise do not make 

it to broad usage due to complicated interfaces, steep learning 

curves or lack of user confidence. Take for example 

blockchain applications—they tend to make users manage 

their own cryptographic keys, require users to translate some 

technical jargon, or use strange wallets—things that frighten 

laypeople. Without an emphasis on UX design, even the most 

groundbreaking solutions will likely never succeed. There 

needs to be a balance between a technical prowess and user 

friendly appeal. 

 

e.EnvironmentalImpact 

 

The effects of technology, especially those with high energy 

consumption, are now under scrutiny. Bitcoin, for example, 

has been criticized for its massive carbon emissions because 

of the proof-of-work (PoW) consensus method it utilizes. 

Mining operations require an enormous amount of electricity, 

a significant portion of which is non-renewable. All of this 

occurs while there is still an urgent need to mitigate the 

impact of these activities on the environment – in the attempt 

to achieve greener designs like proof-of-stake (PoS). Beyond 

blockchains, the resulting data centers from cloud computing 

and AI also escalate energy requirements, and it is imperative 

that more advanced and more environmentally sound 

infrastructure and algorithms are developed. 

VII. CONCLUSION 

 

The term Web 3.0 (semantic/decentralized web) indicates the next 

noticeable developmental change in the Internet. It builds on earlier 

stages of ‘Web 1.0’ which was static or contained only reading 

content, and ‘Web 2.0’, which was interactive with content 

generation by users. Unlike previous models, Web 3.0 proposes a 

distributed (decentralized) user-controlled digital framework or 

ecosystem where data and applications reside on networks and are 

not controlled by central authorities.   

Users having better control over their data, improving privacy and 

security, and no longer having to trust middlemen are the major 

objectives of Web 3.0. This change could transform sectors by 

ensuring more transparency, trust, and efficiency in systems. 

Examples of new applications are Decentralized Finance (DeFi), 

digital identity management, content platforms, and even self-

governing models.   

Web 3.0 is still an emerging technology and is under development, 

but it also has some challenges. The lack of scalability, cross-

platform accessibility or implementation, and simplistic designing 

are among the most critical issues that require solutions in order to 

increase popularity. Interest from developers, businesses, and users 

together is stimulating innovation in this area. 
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