
Journal of Computational Analysis and Applications                                                              VOL. 33, NO. 7, 2024 

 

                                                                                1781                                               Dhramandra Sharma et al 1781-1785 

 

Enhancing Transparency and Security in Pension Fund Systems 

using Blockchain Technology: A Theoretical Analysis 
 

Dhramandra Sharma1 

Department of Computer Science 

Banasthali Vidyapith 

Jaipur, India 

dhramandra.sharma@gmail.com 

Monika Saxena 2 

Department of Computer Science  

Banasthali Vidyapith 

Jaipur, India 

muskan.saxena@gmail.com 

  

Abstract— This Blockchain Technology (BCT) has 

emerged as innovative solutions to security and 

transparency issues in the pension system. This 

theoretical analysis studies the potential of BCT to 

improve the security, effectiveness, and transparency of 

the pension system. This paper reviews how BCT can 

reduce data fraud, enhance data quality, and allow real-

time tracking of pension contributors. This study 

suggests the advantages and disadvantages of 

implementing BCT in pension systems based on existing 

literature reviews and theoretical frameworks. The 

current limitations of BCT in pension systems must be 

addressed for practical implementation in pension 

systems. 
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I. INTRODUCTION  

Financial security in a retirement plan is needed for social 
and economic stability. In private and public, both sectors 
provide pensions. The pension industry’s complex business 
process needs multiparty collaboration, end-to-end 
coordination, and settlement, making an ideal problem 
statement for consortium block-chain. In the traditional 
pension fund system, the transactions are performed 
manually; consequently, administrative and operational costs 
are increased. Moreover, various entities and user categories 
require many levels of permissions and authentication, which 
raises questions about visibility and data protection. Due to 
the lack of cost transparency and data provenance, audibility 
is yet another issue. By considering all these factors result in 
lower pension accumulation and poor saving returns [1]. 
Earlier, pension was given to anybody via a physical form 
through postman. This pension was deducted with various 
charges; the end result pension received was less than the 
actual figure. After that current pension system implemented, 
in this pensioner direct go to bank and collect it [2]. 
However, this system is also proceeding with various taxes 
and charges and sometimes the bank states have not given 
the pension by many issues. To overcome this problem BCT 
can be used. BCT can aid in tracking pension payments from 
pension raised point to pension received point.  The blocks 
will help to determine whether the pension was raised or not, 
also it ensures security by preventing tampering. By connect 
to the person’s birth and death BCT can help in identifying 
whether the person is still alive or not means eligible for 
pension or not. The records will be encrypted and there will 
be no need of any middleman that’s why that charges will be 
eliminated and resulting in an exact pay of pensioner in the 
fastest, easiest and safest way. The main contribution of this 

paper is to present a theoretical analysis of how blockchain 
can improve security and transparency in pension systems by 
providing a framework that can reduce fraud and improve 
operational trust. 

The research objectives of the article herein presented are 
the following:  

• Examine BCT’s potential role in dealing 
with transparency and security concerns in 
the pension system.  

• Assess BCT’s potential as a framework for 
pension fund distribution and pension data 
management.  

• Provide future scope on practical BCT’s 
uses in the pension system. . 

A. Benefits of blockchain to the Pension 

Industry 

• Improved security- BCT is unbreakable, it can 
prevent from any type of scammers from 
pension fraudsters.  

• Better transparency – People can be assured that 
their pension will remain intact because records 
cannot be changed or erased in BCT [3]. A 
complete BCT pension ecosystem by using 
smart contract technology reduces fund seizures 
and eliminates hidden charges, as providers can 
send funds directly to pensioner 

• Retrieve lost pensions- Pension fund may not be 
a big deal for when a person is younger. This 
will change when person reach the retirement. 
BCT provides a solution for every individual to 
keep track of their pension, regardless how 
many jobs they have had in their life [4]. A 
company named R3 software has developed a 
BCT based solution that can aid people to 
retrieve their lost pension. 

• Address the retirement savings gap – 

Pensioners can benefit from a BCT based 

pension ecosystem that can streamline the 

whole process and increase transparency and 

data security [5]. Nest egg is an excellent 

example of a BCT based pension product to 

promote engagement and save money. 

• Streamlined Plan Document Review Process - 
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Fig. 1. Streamlined plan documnent review 

BCT is capable for tracking every single point of 

interactions along with plan documents, ensuring 

accountability and transparency.  

B. Challenges in blockchain implementation 

The benefits of BCT, such as transparency, security, and 

decentralization, have attracted the attention of different 

industries. However, there are some challenges companies 

faces when adopting BCT.  

• Technological complexity – The implementation of 

BCT often involves integrating with existing 

systems; this can be a technologically complex 

process.  

• Scalability -  Scalability and performance are 

main concerns when handling large amounts of 

transactions [6].  

• Security – Although blockchain is secure, there are 

some vulnerability that may arise at entry points 

like smart contracts and digital wallets.  

• Gradual adoption- The transition from traditional 

systems to BCT can be a challenging process. 

• Interoperability – Interoperability among various 

BCT platforms can be difficult, especially in 

contexts where multiple networks exist. 

 

Fig. 2. Blockchain challenges 

In [7] the author explains a flow diagram for understand the concept of 

BCT into pension system. 

 

Fig. 3. Flow diagram of using Blockchain in pension system [7] 

Here is a breakdown of the flow at points below. 

• Start – the process starts. 

• User private key-  firstly, the user authenticates 

themselves by using a private key. This ensures 

secure access to the BCT system. 

• Authentication in blockchain  -  authentication is 

done using user’s private key. 
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• Authentication success or fail-  if authentication 

successful, then  go forward; else authentical failed 

message comes. 

• User selects category- The user selects the category 

which they want information.  

• Available pension options-   the options are shown to 

the user. 

• User selects pension to apply- user selects the pension 

option which they want to apply. 

• User give proof of living-  user should give the proof 

of living any document, such as digital verification. 

• User validation- user validates here according to 

some rules. 

• User requests proceed-  based on the information the 

user provided, the user request proceed. 

• Data saved in blockchain – data saved in blockchain 

for secure and safe information records. 

• End -  process ends. 

II. BLOCKCHAIN OVERVIEW AND ITS CHARACTERSTICS 

Every block in BCT has a body and a header. The header 

part contains both hash value and hash reference, which are 

connected to the previous block. Every network links in a 

node format that shares a ledger in that all types of 

transactions and block types are recorded. When a block is 

added, then only a transaction is confirmed by the nodes. 

Hackers can’t attack easily on data because there are a huge 

number of nodes connected in a chain; every node has a 

copy of the main node. Hackers must firstly break the hash 

reference referring to the previous hash in order to break a 

block. Breaking chain is not possible due to protective 

methods embedded in BCT. Members can handle the 

blockchain using matching technologies like proof-of-

elapsed time, proof-of-stake, and proof-of-work. 

 

 

Fig. 4. Blockchain block architecture [8] 

Figure 4 shows the blockchain’s block architecture. A block 

can access the whole blockchain and can find each 

transaction by its parent block.  The initial block is called 

genesis, and this block has no parent. 

A. Characterstics of blockchain 

Blockchain has following characteristics. 

• Persistency – Transactions validated fast in BCT, 

and trustworthy miners would decline invalid 

transactions. After the transaction is included in the 

BCT, it is impossible to rollback the transactions. 

Blocks that have no valid transactions can be 

discovered easily. 

• Decentralization – Decentralization in BCT , each 

and every transaction needs to be validated by a 

centralized entity, which results in performance 

and cost bottlenecks at the centralized entity. 

• Auditability – BCT gives permission to the users to 

make decisions from all transactions that have 

already been performed, not just from some 

random samples. As a result, this increases the 

assurance that auditors can give to the public. 

• Anonymity – It allows the user to interact with the 

BCT’s network by hiding our real identity, like 

name, IP address, and any personal details. By 

using encryption, pseudonyms, and many more 

techniques, this can be achieved.  

 

 

III. LITERATURE REVIEW 

In [9] proposed a life based insurance model for pension 
fund, where individuals pay an amount for become a 
member. Smart contracts will provide benefits to registered 
members without any interference of central authority. This 
paper discussed how pension fund perform core activities by 
using distributed ledgers. The author does not discuss any 
implementation of BCT. In [10] presented a “ blockchain 
based volunteer time bank (VOLTimebank)” as a way to 
keep records for volunteer activity. Volunteers help the 
elderly in exchange for future rewards with VOLTimebank. 
Th5e aim of this study is to improve the collaboration among 
care providers and pension institutions. In [11], a whitepaper 
proposed an Ethereum-based solution for a global pension 
system, focusing on tokenizing assets for jurisdictional 
compliance. However, this is risky because there is no 
guarantee of obtaining permission from diverse jurisdictions. 
In [12], introduced an architecture that represents a blueprint 
of a model based on a BCT-based digital pension system. 
They consider the benefits the BCT digital transformation 
has and also provide use cases of BCT in other industries 
too. The author explicitly states that because of limited real-
life use cases of BCT in pension schemes and the related 
literature, the precise outcomes and benefits are also limited 
in a degree. In [13] focused at how BCT may be used to 
share longevity risks on a tonetine basis. The study was 
undertaken jointly on behalf of APG, which is experimenting 
BCT into a pension system. This study investigated the 
feasibility of minimizing longevity risk using a tonetine 
pension fund developed on an Ethernum BCT, while also 
discussing pros and cons of such a pension fund in light of 
the BCT’s decentralized nature. The present disadvantages 
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include limited computer power and transaction costs that 
vary with the price of Ether, resulting in significant volatility. 
Furthermore, the participants bear all the investment risk; the 
government is not involved here, so the tonetine is 
vulnerable to attacks. This technology is still not evolving 
properly, so there is still opportunity in future advancements. 
In [14] discussed about the mathematical two-participant 
model, focusing on the Chinese market and for pension 
beneficiaries only. They state that the quality of the pension 
system will improve when implementing BCT into it. BCT’s 
characteristics, specifically in decentralized and 
authenticated data storage abilities, make this capability a 
good fit for overcoming the issues with the pension 
management process. Traditional pension management 
systems have challenges in accessibility, integrity, and 
vulnerability because these challenges result in potential 
fraud. The BCT is the solution for data validation across all 
important data validation processes. In [15] describes that the 
decentralized technique protects the data integrity and 
transparency of the information recorded. In [16], suggested 
that BCT into the pension fund to digitize pension plan 
documentation to guarantee secure records and verification 
of records. It will increase less dependency on middlemen, 
data protection, transparency in records, and real-time status 
tracking of notifications for unresolved cases. Ultimately, 
pension system boosts the overall productivity and reduces 
unnecessary involvement. Ultimately, the pension system 
boosts overall productivity and reduces unnecessary 
involvement of intermediaters.  

IV. DISCUSSION 

BCT has the potential to revolutionize pension systems 
by offering decentralized alternatives that could eliminate 
central authorities and improve operations; however, its 
practical implementation is still challenging. While [9] 
suggested a “smart contract-based life insurance framework” 
for pension beneficiaries, the absence of technical details 
raises questions related to real-world feasibility. Moreover, 
the VOLTimebank framework by [10] describes how BCT 
can adapt easily, enhancing collaboration among pension 
institutions and care providers beyond traditional financial 
systems. However, the method suggested in [11] presents a 
promising direction, acknowledging the limited use cases but 
outlining technological advancements and future directions. 
In [12], an Ethereum-based pension method raises concerns 
because of Ethereum’s price, and regulatory uncertainties 
because of this implementation become difficult. The APG-
tested tonetine pension system [13] suggested the pros and 
cons of decentralized BCT, including security vulnerabilities 
and high transaction volatility due to the lack of government 
involvement. In contrast, the Chinese mathematical 
framework [14] demonstrates that BCT may improve 
pension system quality; however, financial, technological, 
and regulatory challenges continue to be significant barriers 
to implementation. While BCT defines novel opportunities, 
overcoming these challenges is crucial to its success in the 
pension industry. Moreover, the author [15] proposed BCT 
technology in pension system to achieve real time data 
validation and improve the reliability of pension systems. In 
[16], suggested that BCT into the pension fund to digitize 
pension plan documentation to guarantee secure records and 
verification of records. It will increase less dependency on 
middlemen, data protection, transparency in records, and 
real-time status tracking of pensions. 

TABLE I.  LIST OF REVIEW ARTICLES 

Ref Method Results Limitation 

[9] Life based 

insurance concept 

Listed pension fund 

core activities  

No discussion 

of any 

implementatio

n of BCT 

[10] Prototype 

implementation of 

VOLTimebank via 

smart contracts  

Improve the 

collaboration 

among care 

providers and 

pension institution 

Challenge in 

achieve 

scalability and 

regulatory. 

[11]  Ethernum based 

pension method 

The profits give 

only to those who is 

ready to share their 

data. 

No guarantee 

of obtaining 

permission 

from diverse 

jurisdictions 

[12]  Blueprint  for a 

BCT based digital 

pension business 

model 

Eliminates pension 

operating expenses 

Limited real 

life use cases 

of BCT in 

pension 

system 

[13] Ethereum-based 

smart contracts 

Longevity risk 

sharing can be 

achieved. 

Limited 

computing 

power, 

volatile 

transaction 

costs 

[14] Mathematical two-

participant model 

Quality of the 

pension system will 

improve when 

implementing BCT 

into pension system. 

 

Limited to 

Chinese 

market. 

[15]  Proposed data 

validation in 

pension process 

Reduced fraud, 

increase trust  and 

efficient 

collaboration 

Interoperabilit

y and 

technological 

complexity 

[16] Use BCT in 

pension system 

Increase efficiency. 

Security, 

transparency and 

accountability 

Complexity of 

integration 
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V. CONCLUSION 

BCT has the capability to revolutionize the pension system 

by dealing with major issues like transparency, security, and 

fraud. This paper presents a theoretical analysis of BCT’s 

potential to improve the pension system by maintaining 

record-keeping, enhancing security, and allowing real-time 

tracking of funds. This study suggests that BCT could 

enhance transparency and security in the pension ecosystem; 

nevertheless, technical complexity, scalability, and 

regulatory are still major challenges. This paper 

recommends the need for further technology improvements 

and regulatory frameworks to enable the full adoption of 

BCT into the pension system. Along with its limitations, 

BCT offers significant opportunity to develop a more 

secure, efficient and transparent pension system in the 

future. 
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