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Abstract: Blockchain has become peer-to-peer immutable distributed ledger technology network, and its consensus 

protocol is essential to the management of decentralized data. The consensus algorithm, at core of blockchain technology 

(BCT), has direct impact on blockchain's security, stability, decentralization, and many other crucial features. A key 

problem in development of blockchain applications is selecting the right consensus algorithm for various scenarios. 

Ensuring scalability is the most significant drawback of BCT. The industry has been rejuvenated and new architectures 

have been sparked by the usage of consensus protocols for blockchains(BC). Researchers analyzed shortcomings of proof 

of work (PoW) consensus process and subsequently, alternative protocols like proof of stake (PoS) arose. PoS, together 

with other improvements, lowers the unimaginably high energy usage of PoW, making it protocol of time.  In PoS, only 

the user with highest stake becomes the validator. To overcome this, we propose Scalable Proof of Stake (SPoS), a novel 

consensus protocol, which is an enhancement of PoS protocol. In the proposed algorithm, each stakeholder based on the 

stake gets a chance to become the validator and can mine blocks in the blockchain. Clustering of the stakeholders is done 

using mean shift algorithm. Each cluster gets a different number of blocks to mine in BC. Cluster with highest stake will 

get a greater number of blocks to mine when compared to other groups and the cluster with the least stake gets least 

number of blocks to mine when compared to other groups. To mine the blocks, validator is chosen based on the cluster 

in which he is present. Fair mining is ensured for all stakeholders based on number of stakes. Mining is distributed among 

all the stakeholders. Since the validators are chosen fast, the transaction rate is high in the network. Validators in PoS are 

selected according to the quantity of cryptocurrency they stake.  More stakeholders will get chance of validating blocks 

and receiving rewards.  Over time, this reduces fairness and decentralization by concentrating on wealth and power. This 

is addressed in SPoS using clustering-based validator assignment. 

 

Index Terms: Blockchain, Consensus Protocol, Decentralization, Proof of Stake, Scalability. 

 

 

1.  Introduction 

BC are distributed, shared databases that do not require single point of control to securely retain digital footprints. 

Smart contracts can be integrated with blockchains to create transparent, secure, and unchangeable systems that produce 

distinctive outcomes. Furthermore, BC is a decentralized ledger that uses cryptographic programs to record user activity 

across many users without the need for single control center. Blocks to be added to chain is validated by all participating 
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users, and a consensus process makes sure that everyone agrees on a particular sequence for blocks to be added. 

Participants' stake is more important to the Proof-of-Stake (PoS) than their processing power. In Proof of Stake (PoS), 

miners are chosen according to stake, or balance, and network adjusts to suit their opinions. Coins are created during the 

cryptocurrency's launch in most PoS-based cryptocurrencies. As a result, miners receive no rewards. Rather, miners make 

money by keeping transaction fees. In PoS, miners are chosen by a procedure analogous to an auction, in which bidders 

compete for the next block, with the highest bidder winning the auction. 

1.1.  Consensus Protocol  

One of a BC's key technologies, consensus algorithm [1,2],significantly affects performance metrics including 

transaction throughput, latency, and rate at which blocks are generated in BC systems. There are many kinds of consensus 

processes in recent years. Consensus methods generally fall into 3 categories: PoW [3], which is based on competition 

for computing power; PoS [4], which is based on Coin Days and proof of credit (PoC) [5], which is based on credit. 

Specifically, improved consensus method evolved from PoS called delegated proof of stake (DPoS) [6] has become 

common algorithm. It uses voting to select k representative nodes, and after each election round, these k nodes alternate 

in producing blocks. The DPoS algorithm, in contrast to PoW and PoS, selects representative nodes to generate blocks 

[7], which lowers waiting time needed to verify transaction and raises rate of block generation. Researchers have 

suggested better techniques for DPoS [8,9]. It is currently utilized in several industries, including supply chain 

management and digital currency. For instance, DPoS is used by BitShares to create decentralized trading platform and 

by EOS to create decentralized application platform. 

Since larger nodes can easily overwhelm smaller ones, traditional PoS inhibits decentralization. This is because 

chosen delegates are essential to PoS systems' ability to verify transactions and preserve network integrity. Smaller nodes 

find it more challenging to take part in the consensus process since larger nodes are better equipped to manage the 

delegation selection procedure. As a result, PoS networks can eventually become less decentralized, which is contrary to 

one of the core principles of blockchain technology. Another prominent criticism of PoS is its lack of scalability. This is 

due to the fact that PoS systems perform worse than PoW systems when managing many transactions. Therefore, 

compared to blockchains that employ PoW, those that use PoS may have higher costs and slower transaction speeds. One 

of the primary criticisms of PoS is the potential for power concentration. A situation in which one party has complete 

control over the blockchain network could arise from that entity controlling all these validators. The decentralization 

principle that underpins blockchain technology would be violated by this. Because traditional hard computing techniques 

are less decentralized, less robust, less scalable, and inefficient, they might not be able to solve these issues effectively. 

Transaction processing speeds are extremely slow, and efficient fair mining might not be the best option. This leads to 

the selection of validators inefficiently. We suggested the Scalable PoS technique, which is a decentralized, robust, 

scalable, and effective fair mining algorithm, to address the shortcomings of the conventional PoS consensus process. 

1.2.  Outline  

Rest of paper is organized as follows: Section 2 examines literature work. Section 3 talks about Proof of Stake. 

Section 4 shows working of proposed algorithm. Section 5 presents analysis of result. Finally, concludes in Section 6. 

2.  Literature Review 

PoW is first blockchain consensus protocol. Bitcoin uses this protocol to achieve consensus, which introduces 

computing power competition between distributed nodes to ensure consistency of data and security of consensus. Bitcoin's 

system generates new transactions constantly, and nodes are responsible for putting legitimate transactions into blocks. 

Block header should contain six parts: version number, previous block hash value, Merkle root, timestamp, difficulty 

target noise and random number. The PoW protocol is used primarily in digital currencies like Dogecoin[10] and 

Litecoin[11]. 

Limitations of PoW: PoW based blockchain applications' energy inefficiency has drawn a lot of focus in [12–15]. 

Bahri and Girdzijauskas [12]examined how much energy Bitcoin used in order to run its fundamental consensus 

mechanism. According to their estimates, the average annual use of Bitcoin is 39.5 TWh of electricity. When Bitcoin 

began to grow, Dwyer and Malone [13]saw that miners were using lot of electricity and predicted that this would become 

significant issue. Harald Vranken [16]resource analysed the most popular PoW-based blockchain applications in order to 

investigate the sustainability of blockchains and Bitcoin. In addition, his research links the endogenous PoW needs to the 

rising energy footprint of the Bitcoin cryptocurrency. 

Limitations of PoS: Even though PoS attempts to alleviate PoW's [17–19] increasing energy-related issues it brings 

unfairness into the system and is open to multiple attacks. There have been reports on the "rich get richer" tendency[20], 

[21] in mining. In proof-of-stake, the baseline stakes divide the network so that number of peers that are above baseline 

always receives fee rewards. As a result, both the baseline stake threshold and division margins between wealthier nodes 

and remaining nodes in network continue to rise. This PoS constraint was noted by Zheng et al.[21], who also emphasised 

the necessity for new PoS method. Kiayias et al. [22] employed PoW based theoretical model put forth by Garay et al. 

[23] to conduct a rigorous examination of PoS-based blockchains in order to achieve that goal. They formally outlined 

the required security characteristics for a proof-of-stake blockchain system, and they then used those characteristics to 



Scalable-pos: Towards Decentralized and Efficient Energy Saving Consensus in Blockchain 

86                                                                                                                                                                         Volume 17 (2025), Issue 6 

introduce the "Ouroboros" paradigm. To discourage selfish mining attacks and encourage PoS-based systems, Ouroboros 

employs a special rewards structure. The authors of Ouroboros inject randomization into miner selection through the use 

of a coin-flipping mechanism. Despite its advantages, random selection may compromise fairness. Each stakeholder's 

balance needs to be higher than the baseline stake in order to guarantee fairness. The security of random selection can be 

jeopardised because a miner's balance is frequently less than the baseline stake. Because random mining selection 

circumvents the baseline stake's security requirements, it may therefore be detrimental to the e-PoS architecture. 

Similar to this, Diant et al. [24] introduced SNOW WHITE, PoS based protocol variation that enables safe use of 

PoS in permissionless BC systems. SNOW WHITE uses a random miner selection process to accomplish decentralisation, 

which is akin to the work of [22]. To create the illusion of randomness, SNOWWHITE, extension of "Sleepy Consensus" 

[25], adds dependency between block headers in place of coin-flipping technique in [24]. Lastly, Chen et al.'s work [26] 

on Algorand, which employs message-passing Byzantine Agreement to reach agreement in large-scale distributed 

networks, remains noteworthy. It is presently being implemented in a few blockchain systems and uses considerably less 

energy to run.  

DPoS and Supernode PoS (SPoS) are two more noteworthy PoS-based protocols. The network users in (DPoS) cast 

votes to choose a group of witnesses who mine blocks [27]. In SPoS, supernodes are chosen to mine blocks, which is 

continuation of DPoS [28]. In contrast to the DPoS, SPoS ensures optimal data storage and a consistent inter-arrival block 

time. Before mining a block, miners pledge their stakes in both protocols. Miners lose their investments if they misbehave. 

Main issue with this strategy is that a miner can simply cheat and violate the fairness property if the incentive for 

misbehaviour is higher than the stake. In order to deter malicious behaviour, no system ties stakes to monetary rewards. 

The PoS protocol is well substitute for PoW that addresses PoW's drawbacks and accomplishes comparable goals[29]. 

A candidate miner must stake his balance in order to be chosen to mine the subsequent anticipated block in PoS. First 

cryptocurrency to use PoS for block mining was Peercoin, which was introduced in 2012 [30]. Later, more PoS-based 

cryptocurrencies were introduced, such as Nxt and BlackCoin. The terms "randomised block selection" and "coin age 

based selection" refer to two widely used miner selection methods. The candidate with lowest hash value and size of their 

stake are combined in randomised block selection process to choose the miner for the subsequent block. An auction 

procedure is used in coin age based selection process to choose candidate miners. 

Despite being energy-efficient, PoS causes centralization [31,32]. When using randomised block selection, a random 

candidate is chosen rather than the deserving candidates with large stakes. A wealthy candidate has the ability to win 

every auction and increase in wealth in open stakes auction and age based selection [31], [33]. This leads to a network 

skew, which brings upon the decentralisation of the network, which is normally assumed in a blockchain application. 

Additionally, the balance of candidate miners is revealed via publicly disclosed stakes, jeopardising their privacy and 

anonymity. Furthermore, using PoS, it is simple to create new block and split off the main chain because anyone may do 

so with little difficulty. An attacker of this kind can use network churn and latency to determine which nodes are trailing 

the main chain and divide them using his customised blockchain [34,35].  

 

Hybrid Schemes: Hybrid techniques are used to combine advantages of these consensus schemes while lowering the 

attack surface in order to solve their drawbacks. TwinsCoin is a safe and expandable hybrid blockchain protocol proposed 

by Duong et al.,[36]. Proof-of-Activity (PoA), a hybrid blockchain system introduced by Bentov et al.[37], improves 

blockchain defense mechanisms with little penalty on network traffic and storage capacity. To protect blockchains from 

majority and centralization threats, some noteworthy initiatives are made [37, 38], [17]. In spite of these admirable 

attempts, a workable solution that can be implemented on current cryptocurrencies to facilitate their seamless transition 

to proof of stake is still required. 

We expect an update to the current consensus schemes to enhance decentralisation and equity, considering the 

aforementioned constraints. Naturally, we anticipate a PoS variation or an energy efficient model independent of 

computationally demanding mining. Protocol should provide mining possibilities to larger range of stakers to promote 

decentralisation. Preventing fraudulent actions and compensating impacted parties fairly in the event of an attack are 

essential components of a fair protocol. Protocol must provide reward system that encourages honest mining while 

maintaining fairness. With this in mind, we proceed to construct an algorithm that tackles these issues and offers 

framework for further uses. 

Table 1. Comparison of consensus protocols 

Papers Parameters 

[39] Energy-saving, robustness 

[40] Tolerated power of adversary, capitalization market, TPS, energy saving 

[41] Gini index, request satisfied ratio, coin price index 

[42] Computing power distribution, energy saving 

Proposed Work Decentralization, Robustness, Efficient energy saving, TPS, fairness 
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2.1.  POS  

POS was first introduced in Peercoin and has become second most popular mechanism in world. Consensus in POS 

system is based on each node's stake. The Peercoin unit of POS is coin day, which is amount of money multiplied by time 

it has been held. In peer-to-peer network, each node adds its block to chain according to its fortune. A validator with more 

coin-days will be more likely to create new blocks. Validators need two inputs to create a new block: kernels and stakes. 

Input that leads to particular target hash is called a kernel input. The stake input is number of coin days validator must 

spend to create block. More coin days validator spends, faster hashing process. Transactions collected by validator are 

contained in the new block.  

A maximum coin owner is selected at random by the proof of stake process to validate a transaction. The owner is 

also able to make a block for the same coin. Comparatively speaking, this technique uses less energy and requires a shorter 

transaction time. PoS has addressed the problem of significant energy resource waste. Moreover, PoS-based systems 

authorize transactions significantly faster than PoW based systems and are far more scalable. Scalability is the ability of 

a system to change parameters or modify its consensus mechanism to accomplish higher transactions per second (TPS) 

than certain existing systems. 

In traditional PoS, PoS prevents decentralization since bigger nodes can simply overwhelm smaller ones. This is 

because PoS systems depend on selected delegates to authenticate transactions and keep network up to date. Smaller 

nodes find it more challenging to take part in the consensus process since larger nodes can more easily manage the 

delegation selection process. Because of this, PoS networks may eventually become less decentralized, which is contrary 

to one of key principles of BC technology. 

PoS is frequently criticized for its inadequate scalability as well. This is due to fact that PoS systems perform less 

effectively than PoW systems while managing a high volume of transactions. Therefore, compared to blockchains that 

employ PoW, those that use PoS may see lesser transaction rates and higher costs. 

Possibility of power centralization is one of main objections levelled against PoS. This is so because PoS systems 

depend on limited group of "validators" or "delegates" to authorize transactions and uphold network. A scenario where a 

single entity controls all these validators could result in that entity having total control over BC network. This would go 

against decentralization idea that is the basis of blockchain technology. 

Finding a solution to these problems using traditional hard computing algorithms may not produce efficient results 

because they are less decentralized, less robust, low scalable and inefficient. The processing speed of transactions is very 

low, and efficient fair mining may not be optimal. This results in inefficient validator selection. 

To overcome drawbacks of traditional PoS mechanism, we proposed Scalable PoS technique in which the algorithm 

is decentralized, robust, scalable and efficient fair mining is achieved. 

2.2.  Contribution  

We propose a novel consensus protocol which is an enhancement of the POS protocol in BCT:  

 

• We propose a Scalable PoS (S-PoS) consensus mechanism that permits fair, decentralized and energy efficient 

mining in blockchain systems to overcome the drawbacks of PoS. 

• Scalability is examined by mining the blocks for different number of stakeholders. 

• Performance analysis is done for blocks mined and average time for mining in different blockchains like 

Ethereum and Cardano. 

3.  Methodology 

A new Scalable POS is proposed which achieves decentralization and fairness by enabling each stakeholder to 

become the validator to mine the blocks in the BC. Figure 1 illustrates the working of proposed algorithm and flowchart 

of proposed algorithm is shown in figure 2. 

3.1.  Architecture of Proposed Algorithm  

Elements of proposed algorithms are 

 

Nodes: Users in the blockchain network. A node can become validator by staking his coins in the network. 

Staker (Stakeholder): A person who invests his coins in the network. Staker becomes validator only after staking his 

coins in network.  

Stakes: The amount invested by the staker. 

Validator: Staker who can validate and create blocks in BC. 

Blockchain: It is distributed, decentralized digital ledger of transactions. 
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Fig.1. Working of proposed algorithm 

 

Fig.2. Flowchart of proposed algorithm 
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To stake the coins each user should join the network. Once the user joins the network then user can stake the coins 

to become the validator for mining the blocks. If the user wants to become the validator, then user stakes the coins. Once 

coins are staked then it will be locked in the network. Stakeholders are sorted using quick sort algorithm. The stakeholder 

with highest stake will be the first and the stakeholder with least stake will be the last in the sorted list of stakeholders. 

The sorted list of stakeholders is grouped using Mean Shift algorithm. The stakeholder with highest stake will be in first 

group and the stakeholder with least stake will be in last group. Each stakeholder in the network is given a chance to 

become the validator based on the group in which they are present in a round robin fashion. First group members can 

mine M1 blocks, second group members can mine M2 and last group members can mine Mn blocks. M1, M2,. Mn are 

number of blocks to be mined by stakeholders. Mining is done in two rounds. In the first round, except the last group each 

group stakers mines (blocks_len – multiplier) blocks starting from group G1 which consists of stakers with highest stakes. 

In the second round, each group stakers mines multiplier blocks starting from group G1 till last group. Each staker gets a 

chance to become a validator and can mine the blocks based on number of stakes. 

3.2. Implementation of Proposed Algorithm  

The proposed consensus is divided into 4 phases. 

 

Phase 1: Staking Coins 

Phase 2: Sorting 

Phase 3: Clustering 

Phase 4: Mining 

Phase 1: Staking the Coins 

To stake the coins each user should join the network. Once the user joins the network then user can stake the coins 

to become the validator for mining the blocks. If the user wants to become the validator, then user stakes the coins. 

Average stake is calculated by dividing total stakes of all nodes by number of nodes in blockchain. If the staked coins of 

a node are greater than the 32 Ethers, then that node is added as a stakeholder. Once coins are staked then it will be locked 

in the network.  

 

Algorithm: Staking the coins 

 

for each node i in blockchain_nodes: 

     if i. stake > 32 

          add i as stakeholder. 

     else 

          cannot add i as stakeholder 

 

Phase 2: Sorting 

The users who staked their coins are sorted in the decreasing order of the stakes. The stakeholder with highest stake 

will be the first and the stakeholder with least stake will be the last in the sorted list of stakeholders. By choosing a pivot 

element p_Element, stakes array arr can be subdivided into smaller stake arrays. The stakes array arr should be divided 

with the p_Element positioned so that elements larger than p_Element are on right side of p_Element and elements less 

than p_Element are kept on left. Left and right subarrays are divided using similar technique. This process is repeated 

until each subarray contains only one element. At this stage, elements have already been resolved. Finally, pieces are 

combined to make a sorted array. 

 

Algorithm: To Sort the Stakes 

 

sort (arr, lm_Index, rm_Index) 

  if (lm_Index < rm_Index) 

    p_Index = partition (arr, lm_Index, rm_Index) 

    sort (arr, lm_Index, p_Index – 1) 

    sort (arr, p_Index, rm_Index) 

 

partition (arr, lm_Index, rm_Index) 

   set rm_Index as p_Index 

   Index = lm_Index – 1 

   for I = lm_Index + 1 to rm_Index 

   if element[i] < p_Element 

      swap element[i] and element [Index] 

      Index++ 

   swap p_Element and element [Index+1] 
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return Index + 1 

 

Phase 3: Clustering 

The sorted list of stakeholders (SH) is grouped according to the stakes of stakeholders using meanshift clustering 

algorithm. The stakeholder with the highest stake will be given first priority when compared to the stakeholder with the 

least stake in the group. The dataset {si} consisting of SH and stakes is given as input to the mean shift clustering algorithm. 

Considering a dataset {si} comprising points in m-dimensional space, which was selected from a broader population, we 

have selected kernel ker with bandwidth parameter of b. Following kernel density estimator for density function of full 

population is obtained by combining these data with kernel function. 

 

𝑓𝑘𝑒𝑟(𝑠) =
1

𝑛𝑏𝑚
∑𝑘𝑒𝑟⁡ (

𝑠 − 𝑠𝑖
𝑏

)

𝑛

𝑖=1

 

 

Here, the two requirements listed below must be met by the kernel function: 

 

∫ 𝑘𝑒𝑟(𝑠) ⅆ𝑠 = 1                                                                            (1) 

 

𝑘𝑒𝑟(𝑠) = 𝑘𝑒𝑟(|𝑠|) for all values of s                                                            (2) 

 

Equation (1) must be met to ensure that the estimate is normalized. Equation (2) is related to symmetry of space.  

The kernel functions that satisfy equation (1) and (2) are 

 

𝐹𝑙𝑎𝑡⁡/⁡𝑈𝑛𝑖𝑓𝑜𝑟𝑚⁡ker⁡(𝑠) ⁡=
1

2
{
1⁡⁡⁡⁡⁡ − 1 ≤ |𝑠| ≤ 1
0⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑒𝑙𝑠𝑒

 

 

𝐺𝑎𝑢𝑠𝑠𝑖𝑎𝑛 = ker(𝑠) = ⁡
1

(2𝜋)
𝑚
2

𝑒
−1
2
|𝑠|2

 

 

The reshape function will reshape input dataset into a single array of column. The bandwidth will be estimated 

automatically. When bin_seeding=True, the data is binned in order to select the first cluster centers. After meanshift 

model fitting, cluster_centers return coordinates of cluster center and labels return unique labels assigned to each data 

point. Cluster count is stored in n_clusters. Dictionary is initialized using cluster_members in order to store cluster 

members of clusters. Data points are then iterated through, with each point being assigned to the appropriate cluster 

according to its label. Lastly, for simplicity, it turns the lists of cluster members into NumPy arrays. 

 

Algorithm: Clustering Stakes 

 

    S1 = np. reshape (dataset, (-1, 1)) 

    MS = MeanShift (bandwidth=None, bin_seeding=True) 

    MS.fit (S1) 

    labels = MS. labels_ 

    cluster_centers = MS. cluster_centers_ 

 

    labels_unique = np. unique(labels) 

    n_clusters_ = len(labels_unique) 

    labels_unique = np. unique(labels) 

    cluster_members = {label: [] for label in labels_unique} 

     

    for i, label in enumerate(labels): 

       cluster_members[label]. append(S1[i]) 

    for label in labels_unique: 

       cluster_members[label]=np. array(cluster_members[label]) 

    for label, members in cluster_members. items ( ): 

       print ("Cluster {label}: {len(members)} members") 

       print (members) 

 

Phase 4: Mining 

Each stakeholder in the network is given a chance to become the validator based on group in which they are present. 

Groups are divided based on stakes. Stakers with the highest stakes will be in first group and the stakers with the least 
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stakes will be in last group. First group members can mine M1 blocks, second group members can mine M2 and last 

group members can mine Mn blocks. M1, M2…...Mn are number of blocks to be mined by stakeholders in clusters G1, 

G2……. Gn respectively. Where M1 > M2 > M3 > …………. > Mn. Clusters number is stored in groups_number and 

clusters are given as input to mining. Number of stakers in each group is stored in groups_length. Initially genesis block 

is mined. Loop is iterated to find number of blocks to be mined by each group until total_blocks_to_be_mined is greater 

than blocks_mined_in_different_blockchain. Number of blocks to be mined by each group is done in two rounds. In first 

round, except the last group each group stakers mines (blocks_len – multiplier) blocks starting from group G1 which 

consists of stakers with highest stakes. In the second round, each group stakers mines multiplier blocks starting from 

group G1 till last group. Each staker gets a chance to become a validator and can mine the blocks based on number of 

stakes.   

 

Algorithm: Mining 

 

groups = [G1, G2, G3……...Gn] where Gi = [ S1, S2…...] 

groups_number = [n…….4,3,2,1] 

groups_length = [L1, L2……] 

multiplier = 0 

total_blocks_to_be_mined = 1 

 

while (total_blocks_to_be_mined < blocks_mined_in_different_blockchain) 

     multiplier = multiplier + 1 

     for groupnum in groups_number: 

          blocks_to_be_mined = groupnum * multiplier 

     blocks_to_be_mined = [M1, M2, M3…...] 

     for grouplen in groups_length, for blocks_len in blocks_to_be_mined: 

          total_blocks_to_be_mined + = (L1*M1) + (L2*M2) + ………… 

 

for group in groups, for blocks_len in blocks_to_be_mined: 

     for staker in group: 

          for block_mined in range (blocks_len – multiplier): 

               mine_block(staker) 

 

for group in groups: 

     for staker in group: 

          for block_mined in range(multiplier) 

               mine_block(staker) 

  

Mean-shift clustering automatically calculates number of clusters based on data distribution, in contrast to K-means, 

which necessitates defining the number of clusters k beforehand. This is especially helpful in dynamic or decentralized 

settings, such as validator pools, where the ideal number of groups is unpredictable and subject to change over time. The 

spherical and equal-sized cluster assumption made by K-means may not accurately represent the distribution of validators 

in practice More organic groupings result from mean-shift's ability to detect groups of arbitrary forms without making 

such assumptions. Dense regions in the data space are identified using mean-shift. Since validators with more similar 

performance, conduct, etc. are clustered together, bias or concentration of influence among high-density zones is lessened, 

which is in line with fairness aims. When determining centroids, mean-shift is typically more resilient to outliers than K-

means, which can be significantly impacted by distant points. This prevents validators who exhibit infrequent but 

acceptable conduct from being unfairly penalized or excluded. The non-parametric nature of mean-shift enables it to 

adjust to changes more gracefully and without the need for manual retuning, as validator behavior and metrics may change 

over time. 

4.  Results and Discussion 

4.1.  Comparing Features of Consensus Protocols 

Robustness: Blockchain systems are also vulnerable to variety of cyberattacks, including random number attacks 

and distributed autonomous organisations (DAOs)[43], which have emerged as major threats to steady and long-term 

growth of blockchain systems. Due to limited number of mining pools, PoW systems (like Bitcoin) are becoming more 

and more centralised, which increases the system's vulnerability to a 51% attack. Therefore, as we showed in Table 2, 

PoW systems frequently have low robustness. PoS systems are vulnerable to Nothing-at-Stake and coin age accumulation 

attacks. As a result, PoS is highly vulnerable to these two assaults. To strengthen the blockchain system against such 

attacks, we proposed Robust SPoS. There is essentially no chance of a coin age accumulation attack or a network-wide 

denial-of-service attack in the system since SPoS employs number of coins rather than coin age to determine 
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mining opportunities. SPoS is robust against the above two attacks. 

Efficient Energy saving: Rapid economic growth leads to high levels of energy consumption and carbon dioxide 

emissions, which have dramatically altered global climate and had a negative impact on human living conditions. As 

result, it is essential to create a distributed economy system that emits little carbon dioxide and conserves energy[39]. 

Intermediaries can be eliminated and processes can be streamlined with blockchain technology. Transactions may become 

faster and more effective as a result. PoW systems are energy-intensive and unsustainable because miners need lot of 

energy to compete for mining chances by using lot of mining devices. Hence efficient energy saving is low in PoW. PoS 

systems are far more energy efficient and long-lasting than PoW systems since mining competition is based on number 

of coins stored and age of coins. Based on number of coins, miners compete for mining opportunities in SPoS. Similar to 

PoS, SPoS has low power usage without need for mining equipment. Therefore, in terms of energy savings, PoS and SPoS 

both outperform PoW. 

Transaction per Second: TPS is a crucial metric for assessing a financial system's effectiveness since it shows how 

many transactions the system completes each second[21]. VISA can process about 1700 TPS on average. On  other hand, 

popular blockchain systems like Ethereum and Bitcoin are limited to less than 30 transactions per second[44], which 

means that they cannot handle the large number of transactions that occur in real life. Since the SPoS protocol is PoS-

based and does not require a coin age selection and clearing process, it is highly probable that it will operate faster than 

PoS. 

Decentralization: In order to attain decentralisation and mitigate the skews inherent in traditional Proof of Stake 

(PoS), SPoS enables all stakeholders to mine blocks on the blockchain according to their respective stake amounts and 

group memberships. Due to a limited number of mining pools, PoW systems (like Bitcoin) are becoming more and more 

centralised, which increases the system's vulnerability to a 51% attack. In PoS, the staker with highest stake will be the 

validator always so, decentralization is low. In SPOS, each staker will become the validator so decentralization is high. 

Fairness: In order to attain equity and mitigate the skews inherent in traditional Proof of Stake (PoS), SPoS enables 

all stakeholders to mine blocks on the blockchain according to their respective stake amounts and group memberships. 

Because group 1 stakers have staked more coins than other groups, they will mine more blocks than other groups and, as 

a result, receive higher rewards. Mining becomes fair since any staker, regardless of the group, will mine the blocks and 

receive a reward in return. In PoW, the node with good hardware requirements will become the miner and in PoS, the 

node with highest stake will always become the validator so, fairness is low. In SPoS, each staker will become the 

validator so, fairness is high. 

Table 2. Comparison of features in blockchain systems 

Features PoW PoS SPoS 

Robustness Low High High 

Efficient energy saving Low High High 

TPS 3-7 10-30 3530 

Decentralization Low Low High 

Fairness Low Low High 

Hash Value/ Miner Selection Depends on computing power Depends on Stake and coin age 
Depends on the amount of 

stake 

 

PoS systems are vulnerable to Nothing-at-Stake and coin age accumulation attacks. As a result, PoS is highly 

vulnerable to these two attacks, as seen in Table 3. There is virtually no chance of a Nothing-at-Stake assault or a coin 

age accumulation attack in the system because SPoS uses quantity of coins rather than coin age to determine mining 

possibilities. Since PoW lacks the notion of stake, it is naturally impervious to these PoS attacks. Since a 51% attack 

would have a negative payoff, sensible nodes in PoS and SPoS systems will not carry it out. Therefore, we propose that 

there is little chance of a 51% assault in PoS and SPoS systems. 

Table 3. Comparison of attacks in blockchain systems 

Attacks PoW PoS SPoS 

Coin age accumulation NA High Low 

51% attack High Low Low 

Nothing-at-Stake NA High Low 

 

4.2.  Simulation Results 

Simulation results are taken for upto 5000 stakers in Ethereum and Cardano using SPoS consensus protocol. The 

table 4 illustrates number of clusters formed, blocks mined and time taken in milliseconds in Ethereum and Cardano for 

different number of stakers. 
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Table 4. Simulation in blockchain systems 

Number of 

Stakers 
Clusters Formed 

Ethereum Cardano 

Blocks mined Time taken (ms) Blocks mined Time taken (ms) 

1000 5 27751 906.21 36076 952.93 

2000 4 22706 1062.27 31788 1093.49 

3000 5 27037 1234.06 36049 1312.39 

4000 4 27205 1515.24 36273 1640.24 

5000 7 38345 1733.97 57517 1999.56 

 

Currently in Bitcoin PoW for mining a block it takes around 10 minutes. For one hour Bitcoin will mine around 6 

blocks. In Ethereum PoS to mine a block it takes around 15 seconds. For one-hour Ethereum will mine around 240 blocks. 

In Cardano PoS to mine a block it takes around 20 seconds. For one hour Cardano will mine around 180 blocks. Similarly, 

in SPoS simulation to mine a block it takes 2.83 milli seconds. For one-hour SPoS will mine around 1272085 blocks since 

it is network independent simulation. Blocks mined per hour in Bitcoin, Ethereum, Cardano and SPoS is shown in Table 

5. Bitcoin, Ethereum and Cardano follows single validator architecture whereas SPoS is a multiple validator architecture.  

Table 5. Blocks mined in blockchain systems 

 PoW (Bitcoin) PoS (Ethereum) PoS (Cardano) SPoS 

Blocks mined per Hour 6 240 180 1272085 

 

Figure 3 shows clusters formed for 1000 stakers and 5000 stakers. In 1000 stakers, clusters formed are 5 and in 5000 

stakers, clusters formed are 7. Figure 4 illustrates clusters formed for different stakers. Figure 5 illustrates blocks mined 

in Ethereum and Cardano. Figure 6 time taken in milliseconds for mining in Ethereum and Cardano. Number of clusters 

formed and number of cluster members in each cluster for different stakers are shown in figure 7. Table 6 illustrates 

number of Clusters formed, cluster members, average and median cluster sizes for different stakers. Figure 8 shows the 

average and median cluster sizes for different stakers. 

 

 

Fig.3. Clusters formed for 1000 stakers (in left image) and 5000 stakers (in right image) 

 

Fig.4. Clusters formed for different stakers 
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Fig.5. Blocks mined in ethereum and cardano 

 

Fig.6. Time taken(ms) for mining in ethereum and cardano 

Table 6. Number of clusters formed, cluster members, average and median clusters for different stakers 

Number of 

Stakers 
Clusters Formed 

Number of Cluster members in each 

clusters 

Average 

Cluster Size 

Median 

Cluster Size 

1000 5 {182, 182, 167, 167, 302} 200 182 

2000 4 {464, 354, 441, 741} 500 453 

3000 5 {618, 644, 643, 322, 773} 600 643 

4000 4 {926, 709, 872, 1493} 1000 899 

50000 7 {1027, 534, 534, 534, 534, 534, 1303} 714 534 

 

 

Fig.7. Number of clusters and cluster members 

In summary, the suggested SPoS produces better throughput (Scalability) than PoW and PoS. Table 2 shows that it 

is highly energy-efficient, resistant to attack like 51%, and effective in terms of TPS. In simple terms, SPoS performs 

better than PoW in every aspect. In addition to having higher TPS than PoS, SPoS is far more resilient than PoS against 

attacks such as Nothing-at-Stake and coin age accumulation attacks. Consequently, we propose that SPoS fits well with 

the current blockchain architecture. 

Being a desktop application built on Java, JMeter works with a wide range of operating systems and may be used 

on Windows, Linux, and Mac computers. Because of the JMeter framework's support for concurrent execution, running 

multiple Threads and Thread Groups is made possible by design. Since JMeter is open source, it can be expanded and 
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supports a large variety of plugins. JMeter is a member of the Apache Software Foundation and is completely free and 

open source. Its user interface is implemented using the Swing Java API. JMeter is used to assess the suggested system 

for 5000 clients. 

 

 

Fig.8. Average and median cluster sizes 

5.  Conclusions 

Application development for PoW-based blockchains is becoming unfeasible due to high computational demands 

and energy footprint. On other hand, network centralization and unfairness are problems with the widely accepted Proof-

of-Stake (PoS) system. We have presented an enhanced Proof of Stake, SPoS, in this paper that resists centralization and 

brings justice to the blockchain network. This work examines the features and issues with current consensus protocols, 

such as PoW and PoS, and suggests a new protocol, SPoS, which builds upon PoS. The key innovation is that the SPoS 

protocol lowers the possibility of a coin age accumulation attack in the system by using quantity of coins rather than their 

age. We first compared the ways that PoW, PoS, and SPoS differ from each other before simulating SPoS for up to 5000 

participants in the blockchain network using Ethereum and Cardano. According to experimental findings, the suggested 

PoS protocol is more scalable and leads to higher throughput than PoW. It also uses less energy and is resistant to 51% 

attacks. Put differently, in every aspect, SPoS performs better than PoW. In addition to having higher TPS than PoS, SPoS 

is far more resilient than PoS against attacks such as Nothing-at-Stake and coin age accumulation attacks. Fair mining is 

ensured for all stakeholders based on number of stakes. Mining is distributed among all stakeholders. We therefore 

propose that SPoS is appropriate for the blockchain system in use today. It is impossible to say how many nodes at most 

can guarantee resilience and stability of SPoS system. In future studies, number of nodes in the SPoS system can be used 

as variable and simulation-based optimization approaches can be used to determine greatest value. Proposed SPoS 

consensus algorithm can be used in various real blockchain platforms depending on the applications to achieve scalability, 

fairness and decentralization. 
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