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Abstractㅤ Blockchains have recently struggled to design for the ideal distributed trust networks by solving 
scalability trilemma. However, local conflicts between some countries lead to imbalance on energy 
distribution. Besides, blockchain networks (e.g., Bitcoin) currently consume enormous energy for transaction 
and mining. The existing data volume based trust model evaluated an increasing blockchain size better than 
Lubin’s trust model in scalability trilemma. In this paper, we propose a scalability based energy model to 
evaluate sustainability for blockchain networks, considering energy consumption for transaction, time 
duration, and the blockchain size of growing blockchain networks. Through the rigorous numerical analysis, 
we compare the proposed scalability based energy model with the existing model for the satisfaction and 
optimal blockchain size. Thus, the scalability based energy model will provide an assessment tool to choose the 
proper blockchain networks to solve scalability trilemma problem and prove sustainability. 
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요  약ㅤ최근 블록체인은 트릴레마를 해결하기 위해 이상적인 분산 신뢰 네트워크를 설계하려고 노력했다. 그러나 일부 국가 
간 분쟁으로 에너지 분배의 불균형이 발생했고, 현재 비트코인과 같은 블록체인 네트워크가 거래와 채굴을 위해 엄청난 에너
지를 소비하고 있다. 기존 연구인 데이터 볼륨 기반 신뢰 모델은 루빈 방식의 신뢰 모델보다 증가하는 블록체인 크기를 더 잘 
평가했다. 본 논문에서는 성장하는 블록체인 네트워크의 존속시간, 블록체인 크기 및 거래를 위해 소모된 에너지를 고려하여 
블록체인 네트워크의 지속 가능성을 평가하는 확장성 기반 에너지 모델을 제안한다. 또한 수학적 분석을 통해 제안 모델과 기
존 모델에 대한 만족도와 최적의 블록체인 크기를 비교한다. 그러므로 제안된 확장성 기반 에너지 모델은 트릴레마를 해결하
고 지속 가능성을 검증하는 적절한 블록체인 네트워크를 선택할 수 있는 평가 툴을 제공할 것이다.
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1. Introduction 

Many blockchain networks have recently been re-
leased as new trust infrastructure for peer-to-peer 
digital asset trading. However, all peers still feel dif-
ficulty in having the same right for mining and their 
rewards in ideally distributed networks. Vitalik 
Buterin initially introduces scalability trilemma, 
which has 3 kinds of serious problems as follows: 
decentralization, security, and scalability[1,2]. In 
other words, there exist few blockchain networks to 
completely solve the scalability trilemma. Meanwhile, 
Joseph Lubin[3] proposed a decentralization based 
trust model to evaluate blockchain networks. 
However, because the Lubin’s trust model was not 
sufficiently considered for a scalability issue, we 
presented a data volume based trust model[4]. 
Continuously increased blockchain scale will finally 
drop reliability and performance of transaction in 
blockchain networks. 

Nevertheless, vitalization of electric vehicle mar-
kets and advance in artificial intelligence continue 
to accelerate energy consumption globally. Besides, 
mining and transaction for blockchain networks 
have impact on hugely increasing energy consumption. 
Some countries’ conflicts in Eastern Europe have 
recently led to imbalance on energy distribution. 
Accordingly, these conflicts disrupt the spread of 
renewable energy and then obstructs the growth of 
blockchain networks due to enormous energy 
consumption. In addition, these issues may cause 
increasing electric charge globally. Thus, the trust-
able solution on evaluating sustainability of block-
chain networks, considering throughput and storage 
in blockchain scalability and energy consumption 
for transaction should be required. However, there 
are few energy models to access sustainability on 
energy consumption of blockchain networks.  

In this paper, we propose a scalability based en-
ergy model that maximizes satisfaction of block-
chain sustainability and minimizes energy con-
sumption of transaction for increasing blockchain 

sizes based on Lubin’s trust model[3]. To solve the 
blockchain sustainability problem with scalability 
trilemma, we design a well-defined utility function 
and the optimal blockchain size and satisfaction for 
popular blockchain networks are presented. Finally, 
through the existing Lubin’s trust model[3] and the 
proposed scalability based energy model between 
popular blockchain networks are compared, we 
evaluate that Dogecoin (DOGE) is the most sustain-
able blockchain, which is different with the result of 
the previous works due to not considering energy of 
transaction.

2. Literature on Blockchain Sustainability 

Recently, we have much interested in how long a 
certain blockchain network survives among floods 
of cryptocurrencies. In addition, according to in-
creasing energy consumption for advanced tech-
nologies on prevalent machine learning, blockchain 
networks, and increasing electricity price from local 
conflicts, we focus on blockchain networks for sus-
tainable operation. Now we explain two issues for 
blockchain sustainability.

2.1 Scalability of Blockchain Networks
First of all, scalability in blockchain networks 

should consider many aspects as follows[1]: through-
put, storage, cost, and latency. However, the recent 
advance on blockchain networks has focused on the 
only throughput (e.g., transaction per second). If the 
performance of transaction is high advanced, the 
demand of storage in blockchain networks increases 
due to many transactions[2,5]. The reduction of 
block data mitigates the pressure of the total nodes 
in blockchain networks. Thus, the throughput and 
storage of blockchain networks should consider 
maintaining blockchain networks together. We 
mentioned a trust model related to storage of scal-
ability in the previous work[4].
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2.2 Energy of Blockchain Networks
Bitcoin (BTC) is a pioneer blockchain network on 

trading digital assets among peers. However, handi-
caps of BTC have relatively long transaction time 
and consumes much massive CO2 on mining[6]. In 
addition, energy consumption and CO2 emission 
are more inconceivable than VISA of as of July 
2021[7]. Energy consumption per transaction as well 
as scalability in blockchain sustainability are much 
important.

While, Ethereum (ETH) recently changed its proof 
of work (PoW) into a proof of stake (PoS) for the 
blockchain sustainability, and PoS based Ethereum 
(ETH2) is now working[8]. However, we only consid-
ered the initial version of ETH before merging the 
original blockchain network into ETH2 on September 
15, 2022[8,9], because the time duration to evaluate 
ETH2 as a new blockchain is not sufficient. Besides, 
even though energy consumption of ETH2 is much 
lower than that of DOGE[7], PoS based transactions 
have not accumulated for a long time.

Recently, Lasla et al.[10] proposed a Green-POW, 
which designs an energy-efficient consensus algo-
rithm to reduce mining’s energy consumption about 
50%. Tezos with a PoS based consensus algorithm 
like ETH2 recently reduced energy efficiency of 
transaction almost 70%[11]. However, these trans-
actions are not prevalent for time duration.

Thus, energy consumption on transaction within 
scalability trilemma[1] for blockchain sustainability 
should be considered[12].

In Forbes advisor[13], 4 solutions to reduce en-
ergy consumption of blockchain networks were 
proposed. 

First, by transfer to sustainable renewable energy 
on mining, portion of green energy gradually 
increases. In fact, because global energy crisis by 
local conflicts happened and supply shortages sub-
sequently led to increasing electricity price, chang-
ing flow into green energy is not still easy[14]. 
Unfortunately, energy policy to overcome climate 
crisis is temporarily affected. Thus, current energy 

shortages and increasing electricity price should be 
considered to choose sustainable blockchain networks. 

Second, PoS based blockchain networks like 
ETH2 can reduce energy waste. The newly merged 
ETH can reduce energy consumption as much as al-
most a thousand times, compared with the original 
blockchain[7]. Thus, ETH2 may become one of sus-
tainable blockchain networks.

Third, pre-mining, which is not mined for trans-
action and reward, is considered such as Ripple. 
However, even though energy consumption for 
transaction is dramatically low[15], Ripple is not 
sufficiently secure in scalability trilemma, consider-
ing a DQ index[16]. Thus, Ripple is not compared 
with the conventional blockchain networks in this 
paper. 

Finally, carbon incentives or fees can be posed 
into blockchain companies, which struggle to re-
duce or produce CO2 emission for transaction. 

In this paper, we present some penalties for en-
ergy per transaction for increasing blockchain sizes. 
Thus, we can evaluate sustainability of blockchain 
networks, which include solving scalability trilemma 
problem.

3. System Model 

We consider energy consumption per trans-
action[15], which is not included at a Lubin’s trust 
model[3] and a data volume based trust model[4]. 
Accordingly, we design an energy consumption 
model into the data volume based trust model, be-
cause energy saving is important for sustainable 
blockchain networks. Because we apply the same 
blockchain networks as the data volume based trust 
model[4], we can directly compare the proposed 
trust model with Lubin’s trust model[3].

Before the scalability based energy model is pro-
posed, we briefly introduce the conventional trust 
models as follows: a Lubin’s trust model[3] and data 
volume based trust model[4].
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3.1 The Existing Lubin’s Trust Model
Previous researches have been focused on 

throughput of blockchain networks to overcome 
VISA transaction. However, increasing transaction 
speed may bring about weak decentralization of 
blockchain networks. Accordingly, Joseph Lubin 
presented a concept of a decentralization quotient 
(DQ), which is a measure between 0 and 1[3]. If a 
blockchain network is fully decentralized, it reaches 
at 1. For example, the DQs of BTC and ETH show 
the different degrees on decentralization at 0.8 and 
0.7, respectively. Thus, decentralization transaction 
per second (DTPS) can supplement the existing as-
sessment for blockchain networks, considering scal-
ability trilemma[3]. 

In this paper, we select a Lubin’s trust model[3] as 
a base model for sustainability of blockchain 
networks.

3.2 The Existing Blockchain Size based Trust 
Model

As the previous work[4], we briefly explain a 
blockchain size based trust metric (S-Trust) as fol-
lows:

  
( ) ( ) ,s

S Trust DTPS
b

rU x I x x
s

     
          (1)

where x is a blockchain size, α is a scale factor. σ
(αx) is defined as a satisfaction function for αx. 
Using a sigmoid function[4], this presents whether 
blockchain users are satisfactory to increase the 
blockchain size. IDTPS is a DTPS parameter, rs is stale 
block rate (%), and sb is average block size (KB), 
respectively. IDTPS is defined by DQ × TPS in Table 
1. 

Thus, the S-Trust model[4] defines the sat-
isfaction for TPS and valid transaction for increas-
ing the blockchain size, and then provides the opti-
mal blockchain size to maximize the satisfaction. 
With throughput of blockchain scalability, huge 
blockchains cause increasing the demand on more 

storage, which may delay to download the block-
chain[1].

In this paper, we advance the S-Trust model to 
add the penalty of energy consumption per trans-
action to evaluate the sustainability among the pop-
ular blockchain networks.

Fig. 1. The proposed system model 

3.3 Proposed Scalability based Energy Model 
First, we show that the features of a proposed 

system model are aligned with each layer of a 
blockchain layered architecture in Fig. 1.

Subsequently, we propose an energy model to 
evaluate the energy consumption of blockchain net-
works according to increasing a blockchain size. 
Here, we add an energy consumption model into the 
existing S-Trust as follows:

   
( ) ( ) ,t t

S Trust
bc

E NU x U x x
D

  
                 (2)

where Et is energy per transaction (KWh), Nt is 
the number of transactions, and Dbc is time duration 
(second) of blockchain networks, respectively. The 
proposed second term also uses the scale factor (α) 
of x, similar to Eq. (1). When the counts of trans-
actions are increasing, energy consumption also 
increases. 

Thus, the proposed scalability based energy mod-
el explains the satisfaction of the S-Trust model and 
energy consumption on transaction for increasing 
the blockchain size, considering blockchain 
sustainability. 

Based on Eq. (2), we can define a blockchain sus-
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tainability problem[17] relating to satisfaction of in-
creasing the blockchain size as follows: 

*

0
argmax ( ),

x
x U x


                                            (3)

where U(x) has a convex set[17]. Because the 
blockchain size (x) is a positive value, 1st, 2nd, and 
3rd terms of Eqs. (1) and (2) are concave and affine 
functions, respectively. 

For maximizing the scalability based energy 
model of (3), the derivative of U(x) is defined as fol-
lowings: 

       
( )

1

.

x

DTPS x

s t t

b bc

U x eI
x x e

r E N
s D





 

  
     

                                   (4)

Here, considering 
( ) 0U x
x




 , we can find the opti-
mal blockchain size (x*) by the substitution that 

xe t  . Thus, we can derive a quadratic equation as 
follows: 

2 (2 ) 0,DTPSt I t                                   (5)
where, a refined value (β) is represented as fol-

lows:

,s b c b t t

b bc

r D s E N
s D

 


                                   (6)

where, t is always larger than 0 due to an ex-
ponential function. Finally, t is calculated as follows:

 
2 2( 2 ) (2 ) 4

.
2

DTPS DTPSI I
t

  


   
                (7)

Thus, the optimal blockchain size (x*) can be cal-
culated from Eq. (7) as follows:

ln( )* .tx                                                       (8)

4. Numerical Results

In this section, we present the numerical analysis 
for the proposed scalability based energy model and 
the conventional Lubin’s trust model[3]. We mostly 
assume blockchain networks and parameters used 
from data volume based trust model[4]. Table 1 de-
fines the primary parameter and values in Eq. (2) for 
performance comparison of the proposed scal-
ability based energy model.

Table 1. The parameters and values[4,13,18]
Items BTC ETH LTC DOGE
DQ 0.8 0.7 0.5 0.5
TPS 7 15 56 33

rs [%] 0.41 6.8 0.273 0.619
sb [KB] 534.8 1.5 6.11 8

Nt 711,738,687 1,476,315,700 105,523,841 82,727,411
Dbc [Year] 13.14 6.57 10.38 8.21
Et [KWh] 707 62.56 18.522 0.12

α 5 x 10-6

 

Fig. 2. Comparison among blockchain networks

Fig. 2 compares satisfaction of blockchain net-
works according to increasing the blockchain size. 
BTC and ETH are permanently decreasing because 
their PoWs increase their energy per transaction 
much. While DOGE and Litecoin (LTC) work based 
on a similar PoW, their energy consumption per 
transaction is significantly low in Table 1. Although 
the blockchain network of the lowest power con-
sumption in Table 1 is DOGE, LTC shows the most 
satisfaction among other blockchain networks, con-
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sidering the proposed scalability based energy 
model. Unfortunately, the satisfaction of BTC and 
ETH decreases for increasing blockchain sizes. 

Fig. 3. The optimal and current blockchain sizes for 
blockchain networks

Fig. 4. Comparison between the proposed 
scalability based energy model and the 
existing Lubin’s trust model

Fig. 3 shows the comparison between the current 
and optimal blockchain sizes. Unfortunately, BTC 
and ETH cannot confirm the optimal blockchain 
sizes, because the proposed scalability based energy 
models for their blockchain networks are con-
tinuously reduced and then their transactions on 
blockchain networks are not satisfactory. However, 
DOGE and LTC are sufficiently big for available 
blockchain sizes as 1,208 terabyte (TB) and 161.6 

TB, respectively. In particular, DOGE can provide 
the most optimal data volume among other block-
chain networks. Thus, BTC and ETH may become 
not sustainable blockchains, under the proposed 
scalability based energy model.

Fig. 4 shows the performance between the pro-
posed scalability based energy model and the con-
ventional Lubin’s trust model[3]. The existing 
Lubin’s trust model shows LTC is the most block-
chain networks. However, the proposed scalability 
based energy model presents that DOGE is the most 
sustainable as 16.2, considering the blockchain size 
and energy consumption. Considering only the 
Lubin’s trust model, LTC is significantly higher than 
DOGE for blockchain satisfaction. However, when 
the energy per transaction is additionally consid-
ered, DOGE is the best choice for sustainability. 
This means that the growth of DOGE can be suffi-
ciently verified, because all transaction costs should 
be reduced in blockchain networks, considering 
that electricity consumption dramatically increases. 
Here, the satisfaction comparison among block-
chain networks is available within each model. 

Finally, the evaluation of the conventional Lubin’s 
trust model chooses LTC. While, the proposed scal-
ability based energy model selects DOGE. Because 
DOGE provides potentially the largest blockchain 
network, we can anticipate that the time duration of 
DOGE will be the longest among any blockchain 
networks.

5. Conclusion

We have presented a scalability based energy 
model to evaluate sustainability of blockchain net-
works, considering the blockchain size and energy 
consumption for transaction. The proposed scal-
ability based energy model considers transaction 
based energy consumption caused by the existing 
data volume based trust model. Through a rigorous 
analysis, we show that DOGE is one of the superior 
blockchain networks for sustainability against the 
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previous Lubin’s trust model. The proposed scal-
ability based energy model anticipates to well verify 
blockchain networks for sustainability.
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