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ABSTRACT: 

In the world of technology, blockchain technology has emerged as the most significant player 

as it has been the primary force behind the dematerialization, transparency, and immutability 

of several businesses. But the biggest obstacle preventing its mainstream adoption is still the 

scalability issue. This essay, which mostly focuses on Layer 1 and Layer 2 solutions, is based 

on a composite of several studies of optimization techniques used to the blockchain scalability 

problem. Token operations mostly use Layer 1 solutions, which maximize block size and 

optimize consensus methods to produce transactions per second while controlling storage 

transfer costs and latency. Nonetheless, the most effective and cost-effective ways are Layer 2 

solutions, which allow off-chain transactions and include rollups, state channels, and 

sidechains. The term "Blockchain Trilemma," which refers to the problems with scalability, 

security, and decentralization, is emphasized throughout the research. It acknowledges the 

significance of striking a balance between security and scalability and decentralization; this is 

accomplished by applying the concept known as the "blockchain trilemma." The influence of 

important technology is another topic covered in the text. It suggests hybrid consensus methods 

and sharding as fixes for scale issues. The investigation aims to present a global and in-depth 

view of a possible course for blockchain scalability through a combination of native and 

community-oriented methods. From there, it derives its improvement and deployment of 

technology in the various industries of finance, supply-chain management, and healthcare. 
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INTRODUCTION: 

Blockchain changed all this by giving the world a decentralized ledger of truth making digital 

transactions as transparent and immutable as their paper counterparts. While blockchain was 

first introduced with Bitcoin, this technology has been gaining traction in all types of fields like 

finance, supply chain management sector and now healthcare. But for all its benefits, 

blockchain is plagued with serious issues that make it notoriously difficult to scale — 

preventing broader adoption and utility[1]. 

Scalability is to allude how proficiently, a blockchain can prepare the transaction load increase 

without verifying through principle security qualities such as decentralization.[2] The 

traditional constraint of the inherent blockchains is very limited to process a number of 

transactions its able to handle Transaction Per Second (TPS) due to their consensus 

mechanisms and block size, Bitcoin & Ethereum can only batch about 3 -15 TPS. For example, 

Bitcoin is able to treat approximately 7 TPS and Ethereum advises that it deals with around 20 

TPS which are drastically more reduced than the centralized systems like Visa which can 

manage countless purchases per second.[3] 

To tackle the challenges of blockchain scalability, researchers and developers have come up 

with a range of solutions, which are grouped into Layer 1 (on-chain) and Layer 2 (off-chain) 

strategies. Layer 1 solutions involve making changes to the blockchain's core protocol. This 

could mean increasing the block size or optimizing the consensus algorithms. On the other 

hand, Layer 2 solutions, such as payment channels and sidechains, allow transactions to happen 

off the main blockchain. This helps reduce congestion and speeds up transactions.[4] 

With this introduction, we can dive deeper into the topic of blockchain scalability. We'll look 

at the challenges and explore potential solutions that can improve the performance of 

blockchain technology, making it more applicable across various industries.[5] 
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LITERATURE SURVEY: 

1. This paper dives into the scalability issues faced by blockchains, particularly Bitcoin and 

Ethereum, which suffer from low transaction throughput. 

It introduces solutions categorized into Layer 1 and Layer 2. Layer 1 includes methods like 

increasing block size, while Layer 2 focuses on rollups and state channels to improve 

transaction efficiency.[6] 

2. This paper emphasizes the scalability issues in Bitcoin and Ethereum, highlighting the 

limitations of the Proof-of-Work consensus mechanism. It discusses several proposals to 

improve scalability, including the Lightning Protocol, sharding, and Delegated Proof of 

Stake.[7] 

3. This review systematically examines blockchain scalability research, categorizing solutions 

related to blockchain mechanisms and block storage. It identifies key trends and challenges, 

stressing the need to optimize consensus algorithms and implement sharding.[8] 

4. This document outlines the fundamental challenges of blockchain scalability, including 

limited throughput, high fees, and long confirmation times. It introduces the scalability 

trilemma, which describes the difficulty of simultaneously achieving decentralization, security, 

and scalability.[9] 

  



 

© 2017 Rai University, Ahmedabad. All Rights Reserved 197 | P a g e  
 

Methods and Steps to Solve Blockchain Scalability Issues 

Blockchain scalability is a critical challenge that affects the performance and usability of 

blockchain networks. Various methods and strategies have been proposed to address these 

issues, categorized primarily into Layer 1 (on-chain) and Layer 2 (off-chain) solutions. Below 

is a detailed overview of the methods and steps taken to solve blockchain scalability issues, 

drawing from the connected documents. 

Layer 1 Solutions (On-Chain) 

Layer 1 solutions involve changes to the blockchain’s core protocol: 

 Increasing Block Size : By enlarging the block size, more transactions can be included 

in each block, enhancing throughput. For example, Bitcoin’s block size is limited to 1 

MB, which can store about 2,000 transactions. Increasing this limit allows more 

transactions per block. 

 Optimizing Consensus Mechanisms: Changing the consensus algorithm can speed up 

transaction validation and block creation. For instance, Ethereum’s shift from Proof of 

Work (PoW) to Proof of Stake (PoS) is more energy-efficient and faster. Dynamic 

Proof of Work adjusts mining difficulty based on network traffic. 

 Sharding: This method splits the blockchain into smaller sections (shards), each 

processing transactions independently, thus significantly increasing throughput through 

parallel processing. 

 Segregated Witness (SegWit): This upgrade separates transaction signature data from 

the transaction data, effectively increasing block capacity and allowing more 

transactions to be processed per block. 

Layer 2 Solutions (Off-Chain) 

Layer 2 solutions operate on top of the existing blockchain, enabling off-chain transaction 

processing while staying connected to the main chain : 

 Payment Channels : These channels allow two parties to transact off-chain, with only 

the opening and closing transactions recorded on the blockchain. The Lightning 

Network for Bitcoin facilitates instant, low-cost transactions through payment 

channels. 

 Rollups : Rollups bundle multiple transactions into a single transaction, processed off-

chain and then submitted to the Layer 1 blockchain for consensus. Types include 
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Optimistic Rollups, which assume transactions are valid unless challenged, and Zero-

Knowledge Rollups (ZK-Rollups), which provide validity proofs before finalizing 

transactions on the main chain. 

 State Channels : Similar to payment channels, state channels enable multiple off-chain 

interactions between users, reducing congestion and transaction fees, making them 

ideal for frequent transactions. 

 Sidechains : Sidechains are parallel blockchains that handle off-chain transactions and 

computations, enhancing the main chain's scalability by offloading heavy computations 

and storage. 

Hybrid Solutions 

Hybrid solutions combine Layer 1 and Layer 2 approaches to achieve better scalability. For 

example, a blockchain might implement sharding while also using payment channels to boost 

transaction throughput. 

Research and Development Directions 

 Continuous Improvement : Ongoing research is essential to refine existing solutions 

and develop new methods that effectively address scalability without compromising 

security or decentralization. 

 Real-World Implementations : Many proposed solutions are still theoretical and require 

real-world testing and implementation to evaluate their effectiveness. 

 This overview highlights the main strategies for improving blockchain scalability, 

focusing on enhancing transaction throughput and efficiency while maintaining the core 

principles of blockchain technology. 

Results for Solving Blockchain Scalability 

Investigating the scalability of blockchain technology has resulted in notable progress in Layer 

1 and Layer 2 solutions, tackling important issues such as latency, transaction throughput, and 

network efficiency. These are the main findings and their implications:  

 

Layer 1 Solutions  

 -Increased Block Size: Blockchains such as Bitcoin are able to process more 

transactions per block when the block size is increased. For instance, Bitcoin's 
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transaction throughput would theoretically increase from roughly 7 TPS to 16,000 TPS 

if its block size was increased from 1 MB to 8 MB.  

 Improved Consensus Mechanisms: Ethereum's switch from Proof of Work (PoW) to 

Proof of Stake (PoS) has accelerated processing and eased scalability issues by 

increasing transaction validation speed and lowering energy usage.  

 Sharding: Sharding allows transactions to be processed in parallel by splitting the 

blockchain into smaller, more manageable chunks called shards. By handling only data 

pertinent to their shard, nodes considerably boost throughput.  

Layer 2 Solutions 

Rollups: Rollups, which can be either Zero-Knowledge or Optimistic, combine several off-

chain completed transactions into a single one. This improves transaction throughput by 

lightening the burden on the primary blockchain while preserving security.  

 Payment Channels: By permitting off-chain transactions between users, solutions such 

as the Lightning Network allow for quick and inexpensive transactions. This improves 

user experience and lessens congestion on the main blockchain.  

 Sidechains: By managing heavy workloads independently, sidechains, which operate 

in parallel to the main blockchain, improve the overall scalability of the main chain by 

handling off-chain transactions and calculations.  

Overall Effect on the Functionality of Blockchain  

Improved User Experience: By implementing these scaling solutions, transaction costs 

have decreased and confirmation times have sped up, making blockchain technology 

more approachable and useful for daily use.  

 Wider Adoption: Blockchain technology is now more feasible in a number of sectors, 

including supply chain management, healthcare, and finance, because to its improved 

scalability. This opens the door for creative services and apps that take advantage of 

blockchain's special qualities.  

 Resolving the Trilemma: Blockchain trilemma: striking a balance between scalability, 

security, and decentralization has been addressed in part by advances in scaling 

solutions. Even with the obstacles still present, continuous research and development 

is improving these solutions to create a blockchain ecosystem that is more reliable and 

scalable.  

Discussions and Inclusions on Blockchain Scalability 
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Gathering insights from other studies, this research paper on blockchain scalability focuses on 

the problems and ways to improve the scalability of blockchain networks. Below is a synopsis 

of the main conversations and additions:  

 

1. Overview of Scalability in Blockchain Technology  

The importance of blockchain technology, especially its decentralized character, which has 

drawn interest from a wide range of businesses, is first highlighted in the paper. It then 

highlights the intrinsic scaling issues that restrict the efficiency of blockchain systems, 

including limited transaction throughput, high latency, and higher transaction costs. 

2. Scalability Difficulties  

 The study points up a number of important difficulties:  

Limited Throughput: The transaction throughput (TPS) of traditional blockchains, such 

as Bitcoin and Ethereum, is limited to a maximum of 7 TPS for Bitcoin and 20 TPS for 

Ethereum. 

 Exorbitant Fees and Protracted Confirmation Periods: Usability is decreased by 

increased transaction volumes because they cause delays and higher fees.  

 The Trilemma of Scalability: It is highlighted how scalability, security, and 

decentralization are trade-offs and how enhancing one frequently jeopardizes the other.  

3. Suggested Scalability Solutions  

The study classifies solutions into hybrid techniques, scalable consensus mechanisms, and 

Layer 1 (on-chain) and Layer 2 (off-chain) solutions:  

A. Layer 1 Solutions 

 Consensus Algorithm Optimization: There includes a discussion of several consensus 

techniques, such as Proof of Work (PoW) and Proof of Stake (PoS), which emphasizes 

the need for more effective algorithms.  

 Sharding: By splitting the blockchain into smaller shards, throughput can be greatly 

increased by processing transactions in parallel.  

 Segregated Witness (SegWit): More transactions may be processed per block thanks to 

this protocol improvement, which divides transaction signature data from transaction 

data.  
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B. Solutions at Layer 2  

 Payment Channels: Off-chain transactions, which offer quick and inexpensive 

transactions, are made possible by systems such as the Lightning Network.  

 Optimistic and Zero-Knowledge rollups combine several off-chain transactions into a 

single one, greatly boosting throughput.  

 Sidechains: By managing off-chain transactions and calculations, parallel blockchains 

increase the scalability of the main chain.  

C. Scalable Consensus techniques  

In order to increase transaction throughput while preserving security, alternative consensus 

techniques including Delegated Proof of Stake (DPoS) and Byzantine Fault Tolerance (BFT) 

are examined.  

 

4. Methods of Research 

The report uses a systematic literature review (SLR) to examine the scalability of blockchain 

research that has already been done. It classifies them by to how much emphasis they place on 

the blockchain system or block storage, highlighting important trends, problems, and suggested 

fixes. ACM, Science Direct, and IEEE were among the databases that were searched for the 

review.  

The results demonstrate that although scaling issues have been addressed, many of the 

suggested solutions are still theoretical and need more research and practical application. The 

study highlights the importance of ongoing research and names consensus algorithm 

optimization and sharding as two important topics for further investigation.  

Written in a humanized style, this review offers a thorough yet succinct glance at the key 

discussions and inclusions in the study paper.  

CONCLUSION: 

Investigating blockchain scalability has provided important new information as well as 

possible remedies for the problems blockchain networks are now facing. We have found 

important ways that can improve the scalability of blockchain systems while upholding its 

fundamental security and decentralization principles through a thorough analysis of numerous 

studies and methodologies.  



 

© 2017 Rai University, Ahmedabad. All Rights Reserved 202 | P a g e  
 

1. Initial Layer Solutions 

Optimizing the blockchain's underlying architecture is the main goal of Layer 1 solutions. 

Important discoveries consist of:  

 Optimization of Consensus methods: Changing from energy-intensive Proof of 

Work (PoW) to more effective methods such as Proof of Stake (PoS) has 

demonstrated potential to boost transaction throughput. For example, 

Ethereum's scalability has improved dramatically when it switched to PoS.  

 Sharding: This technique allows for concurrent transaction processing by 

splitting the blockchain into smaller, more manageable chunks called shards. 

By lessening the processing load on individual nodes, sharding has been 

acknowledged as a workable way to increase throughput.  

 Segregated Witness (SegWit): By separating transaction signature data from 

transaction data, this protocol update essentially expands the block's capacity 

and permits the processing of additional transactions.  

2. Solutions at Layer 2  

 By enabling off-chain transactions to reduce congestion, Layer 2 solutions run on top 

of already-existing blockchains. Important discoveries consist of:  

Rollups: By combining several transactions into a single, off-chain processed 

transaction, both optimistic and zero-knowledge rollups greatly increase transaction 

throughput. When compared to conventional Layer 1 solutions, these techniques have 

proven to perform better.  

 Payment Channels: Off-chain user interactions are made possible by solutions such as 

the Lightning Network, which facilitate quick and inexpensive transactions. In addition 

to improving user experience, this lessens the strain on the main blockchain.  

 Sidechains: These independent blockchains that function in tandem with the primary 

blockchain enable off-chain computations and transactions. They can manage 

significant workloads on their own, which increases the main chain's overall scalability.  

3. Hybrid Approaches and Prospective Routes 

An effective way to deal with scalability issues is by combining Layer 1 and Layer 2 

solutions. Hybrid strategies can increase transaction speed while preserving security, 

such as merging Layer 2 solutions with sharding.  
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Research and Development Requirements 

Many of the suggested solutions, in spite of the advances, are still theoretical and need 

to be tested and put into practice in the actual world. It will require ongoing research to 

improve these fixes and provide fresh approaches that handle scalability in a way that 

does not jeopardize decentralization or security.  

Future Enhancement 

To sum up, the results of this study demonstrate how complex blockchain scalability issues are 

and how many different approaches there are to solving them. Blockchain networks can be 

made much more scalable by employing Layer 2 solutions, sharding, and optimizing consensus 

processes. Finding a solution that strikes a balance between security, decentralization, and 

scalability is still quite difficult. Unlocking the full potential of blockchain technology across 

industries is contingent upon further research and innovation, which will pave the path for its 

wider adoption and practical implementation.  
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