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Abstract—Miners in a blockchain system are suffering from
the ever-increasing storage costs, which in general have not been
properly compensated by the users’ transaction fees. In the long
run, this may lead to less participation of miners and jeopardize
the blockchain security. In this paper, we study the economics
of blockchain storage and identify the incentive issues related
to this storage cost problem. More specifically, we model the
interactions among users (who generate transactions) and miners
in two stages, where the users set the transaction fees in Stage
1, and the miners select which transactions to include in Stage
2. Through characterizing the Nash equilibrium of the two-stage
game, we find that the transaction fees indeed cannot cover the
storage costs under the current practice in general, due to the
negative externality and the unfair delay-based pricing. We also
identify that a longer block interval can alleviate the concern by
raising the transactions fees at the expense of larger delay.

I. I NTRODUCTION
The past decade has witnessed the fast growth of the Bitcoin
[1], which is essentially a decentralized ledger proposed by
Satoshi Nakamoto in 2008. As of 2019, Bitcoin has reached
a market capitalization of over 150 billion USD.1 As the
enabling technology of Bitcoin, blockchain allows trustless but
secure trading among different parties without a centralized
authority [1]. Thus, blockchain has attracted tremendous attention from both the academia and industry. Various blockchain
systems, such as Ethereum, Steemit, and IOTA, have been
proposed for various applications.
The ever-increasing transaction volume imposes huge storage costs to miners.2 Fig. 1 shows a typical blockchain
operation process. When a user generates a new transaction,3
he needs to propose a transaction fee as an incentive for miners
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Fig. 1: Blockchain operation.
to include the transaction into a future block.4 Next, each miner
will compete with others to produce a block and include (some
of) the transactions. The miner who produces a new block can
get the transactions’ fees as commissions. Meanwhile, that
miner also receives the newly issued token (also known as the
mining reward) as bonus. Since the blockchain requires all
miners to store the full transaction history locally, the booming
of blockchain systems rapidly consumes huge amount of
storage resource. From Feb. 2017 to Dec. 2018, the block size
of Ethereum grows from 2 kilobytes to roughly 20 kilobytes.
As a result, the storage size of an archive node grows nearly
fourfold from 385 gigabytes to 1.8 terabytes.5 Such a problem
exists in many blockchain systems. The increase in block
size causes the entire Bitcoin blockchain to reach 242.39
gigabytes.6 Given the fact that there are many active miners in
these popular blockchain systems, huge and continuous storage
costs are incurred on miners.
A key concern for such a rapid increase of storage size is
that the storage costs may not be fully compensated by the
current blockchain incentive mechanisms in the near future.
Miners’ storage costs are compensated by both the transaction
fees and the mining reward. Currently, the mining reward
accounts for the majority of miners’ revenues (e.g. Bitcoin),
which together with the transaction fees, can fully compensate
storage costs. However, as the mining reward is designed to
gradually decrease in many blockchain systems to give the
cryptocurrency anti-inflationary properties (e.g. Bitcoin [1]),
whether the transaction fees alone are sufficient to compensate
the storage costs in the long run becomes a critical issue.
In fact, the transaction fees cannot cover the ever-increasing
storage costs currently [3]. For example, storing 1 kilobyte of
data in Ethereum costs 0.656 USD on Apr 8th, 2019. Although
4 A block is a container of transactions and it contains the cryptographic
hash of the previous block, a time-stamp, and the data [2].
5 https://wiki.parity.io/FAQ#what-are-the-parity-ethereum-disk-space-needsand-overall-hardware-requirements
6 https://www.statista.com/statistics/647523/worldwide-bitcoin-blockchainsize/
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this is not cheap, it still cannot cover the storage costs, given
that every miner needs to store the data permanently. As
a result of the systematic reduction of mining reward over
time, the increasing storage costs and insufficient transaction
fees may discourage miners from staying in the system, and
may lead to a high entrance barrier for incoming miners. For
example, the number of full nodes storing Bitcoin blockchain
declines by 11% in 2018.7 Such a problem is catastrophic
to the blockchain in the long-run: With fewer miners, the
blockchain will be more vulnerable to a single point of failure
[2], and the whole system will be less decentralized, becoming
easier for the malicious miners to launch attacks [4]. To
maintain a healthy decentralized ecosystem, it is critically
important to systematically investigate the issue of insufficient
transaction fees.
Despite of the heated discussion on the above issue in the
technical community,8 to the best of our knowledge, there
has not been a theoretical study on this topic. This motivates
us to take the first step in this paper to understand the
economics of blockchain storage. More specifically, we model
the storage-aware transaction fee determination as a two-stage
game among users and miners. In Stage 1 (the fee setting
stage), users choose the transactions fees to minimize their
delays, considering the fees set by other users. In Stage 2 (the
mining stage), miners maximize their own payoffs by selecting
the proper subset of transactions to include from the pool. The
key results and contributions are summarized as follows:
• Economics of blockchain storage: To the best of our
knowledge, this is one of the first theoretical studies on the
economics of blockchain storage. We analyze the reasons
behind the insufficient fees for covering storage costs in
blockchain, and we identify the related incentive issues in
the mining process.
• Closed-form characterization of system equilibrium: We
propose a model to characterize how users set transaction
fees by considering the storage costs in blockchain, which
applies to many current systems such as Bitcoin, Ethereum,
and Litecoin. Generalizing previous works, our model allows users to choose transaction fees from a continuous
interval considering the transactions’ delays and storage
costs. We are able to derive the Nash equilibrium of the
model in closed-form.
• Insights on redesigning blockchain storage mechanism: We
find that in general the transactions fees cannot cover the
storage costs for two reasons: the negative externality and
the unfair delay-based pricing. We also identify that a
longer block interval can increase the transaction fees, but
will lead to a larger delay.
II. L ITERATURE R EVIEW
Previous works on the users’ transaction fees mainly focus
on the transaction delay.9 In [5], Huberman et al. built a
7 https://bitcoinist.com/bitcoin-nodes-10k-reachable/
8 https://ethereum-magicians.org/search?q=state%20rent
9 Transaction delay is the time gap between a transaction is generated and
it is recorded in blockchain.

game theoretic model about blockchain and found that users
propose transaction fees to shorten the transaction delay. In [6],
Easley et al. modeled the users choose between a fixed level
transaction fee and zero fee. The analysis showed the ratio of
users who pay fees increases with the transaction delays. In
[7], Li et al. applied queuing theory to model users’ transaction
delays. At a given fee level, they derived how miners’ expected
profits change with the transaction delays. In [8], Peter R.
Rizun proved that users will still pay a fixed level transaction
fees even without block size limit.
Overall, these previous works have not considered the economics aspect of storage costs. Besides, previous models are
based on a restricted assumption of the fixed level transaction
fee, while in practice users set fees from a continuous interval
according to the transaction delays. In this paper, we consider
the situation where users set transaction fees from a continuous
interval considering storage costs in blockchain.
III. S YSTEM M ODEL
We introduce the blockchain system model in this section.
We first describe the storage-aware transaction fee determination in Section III-A, and model it as a two-stage Stackelberg
game in Section III-B. Sections III-C and III-D introduce the
detailed models in Stage 1 and 2, respectively.
A. Storage-aware Transaction Fee Determination
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Fig. 2: Two-stage storage-aware transaction fee determination.
The storage-aware transaction fee determination is a twostage decision process as illustrated in Fig. 2:
1) Setting the transaction fees: Users generate transactions
that will enter the transaction pool. For each newly
generated transaction, the corresponding user will set
a transaction fee, paid to the miner who records the
transaction in the blockchain.
2) Mining: The mining stage comprises of infinite rounds
of mining. One round of mining corresponds to the
period from reaching consensus on one block to reaching
consensus on the immediately next block. In each round,
miners select transactions from the pool. Once a miner
finds the next block, all miners need to store the new
block to reach consensus. The miner who finds the block
will get the transaction fees from his selected transactions
and mining reward. The transactions in the new block are
recorded into the blockchain (and deleted from the pool).
Next, we introduce the model of the two-stage game.
B. Two-stage Stackelberg Game
We model the decision process as a two-stage Stackelberg
game, as illustrated in Fig. 3. There are 2 users and M miners.
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Stage 1: Transaction Fee Setting
Each user i sets transaction fee fi

Stage 2: Mining
Each miner j selects set j ,n of transactions
from pool n during n  th round

Fig. 3: Two-stage Stackelberg game.
In Stage 1, each user i sets a transaction fee fi that applies
to all his transactions. In each round of mining, each user i
will generate one transaction with probability pi . We label
the transactions from user i based on generation time as
txi,k (k = 1, 2, . . .), denoted as a sequence (txi,k )∞
k=1 .
• Stage 2 comprises infinite rounds of mining. Without loss
of generality, we examine the n-th round of mining (n =
1, 2, . . .). The newly generated transactions enter transaction
pool T n , which is the set of all unrecorded transactions till
n-th round. Each miner j selects set Tj,n ⊆ T n and includes
Tj,n in his block to be mined. Then, a miner finds the new
block. We assume the zero communication delay such that
miners reach consensus instantly. All the miner store the
new block and the model enters (n + 1)-th round of mining.
Currently, the mining reward accounts for majority of miners’ revenue, which can support a steady number of miners.
Hence we assume that the number of miners is fixed in our
model.
Example: Fig. 4 shows an example of Stage 2, the nth round of mining, for the case of M = 2. We use ∅ to
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Fig. 4: Stage 2 operation.
represent no unrecorded transactions, red rectangle to represent
the block found by a miner, and arrow to represent that a block
is appended to all miners’ local storage of blockchain.
• Round 1: Users 1 and 2 generate transactions tx1,1 and
tx2,1 respectively. Both miner 1 and 2 choose to include
tx2,1 . Miner 2 finds the next block, thus tx2,1 is recorded
into the blockchain and tx1,1 is left to the next round.
• Round 2: User 1 generates transaction tx1,2 . Miner 1
includes no transaction and miner 2 includes tx1,1 . The
block found by miner 1 records no transaction, and tx1,1
and tx1,2 are left to the next round.
• Round 3: User 2 generates tx2,2 . Miner 1 and 2 include
tx1,1 and tx2,2 , respectively. The block found by miner
1 records tx1,1 , while tx1,2 and tx2,2 are left to the next
round.

Next we introduce the assumptions of our model.
1) Assumptions: To facilitate the later analysis, we make
following assumptions about mining process:
(a) One block can contain at most 1 transaction regardless
of the transaction size.
(b) The total transaction generation probability per round is
smaller than 1. That is p1 + p2 < 1.
(c) Each round of mining (i.e. block interval) has a fixed
time duration L.
Assumption (a) characterizes the reality of block size limit,
which has been adopted in [6] [7]. Assumption (b) assumes
that blockchain has enough space to record all the transactions.
This is because the maximum outflow rate of transaction pool
is 1 transaction per round (as every block contains at most
1 transaction) and inflow rate per round is p1 + p2 < 1.
In reality, a stable system like Bitcoin is able to record
all the transactions and the block size can be adjusted to
accommodate the increasing transaction volume. Assumption
(c) serves as an approximation of the block generation in realworld systems (e.g. average block interval is 10 minutes in
Bitcoin [1]). It allows us to rigorously analyze the system and
generates enough insights.
C. Stage 1: Transaction Fee Setting
In Stage 1, each user i sets the transaction fee fi > 0 (for
all his transactions) to maximize his payoff, and we formulate
the users’ fee interactions as a non-cooperative game.
We assume that all transactions of user i consume si bytes
of storage (i = 1, 2). This simplifies the analysis but still
captures the reality that different users may generate different
sizes of transactions.
1) Transaction delay: Each user faces a tradeoff between
paying a high fee and suffering a high transaction delay. Since
miners prefer higher-fee transactions, user i will experience
a lower delay by setting a higher fee than the other user.
However, if the other user sets a very high fee, user i would
be better off by setting a lower fee and baring a higher delay.
Here we define the delay of transaction txi,k :
• Generation time: For transaction txi,k generated at nth round mining, its generation time is tgi,k = n. For
example, in Fig. 4, tx1,1 ’s generation time is tg1,1 = 1.
• Recorded time: We define:
(
l, if txi,k is recorded at the l-th round,
r
ti,k =
∞, if txi,k never gets recorded in blockchain.
Delay: di,k = tri,k − tgi,k , which is the recorded time
minus the generation time. For example, in Fig. 4, tx1,1 ’s
recorded time and generation time are tr1,1 = 3 and
tg1,1 = 1, respectively. Thus, delay is d1,1 = 2.
2) Users’ payoff functions: We first characterize user i’s
payoff from one transaction, and then we define his payoff
function in terms of the long-term average.
• User i’s payoff from a single transaction txi,k :
(
Ri − fi − γdi,k , if txi,k is recorded in blockchain,
vi,k =
−γdi,k ,
otherwise,
(1)
•
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•

where Ri represents user i’s level of satisfaction of having
one transaction recorded in blockchain and γ is the delay
cost factor. The transaction delay di,k corresponds to the
cost for the user, and γ reflects the patience level of users.
A higher γ means that the users are less patient.
User i’s long-term average expected payoff function is:
PNi (T )
k=1 E(vi,k )
,
(2)
E(ui ) = lim
T →∞
T

where E(vi,k ) is user i’s expected payoff from txi,k and
Ni (T ) is the number of user i’s generated transactions
from round 1 to T .
3) Game formulation: We formulate users’ transaction fee
decision process as a non-cooperative game, where users set
fees simultaneously to maximize their own payoffs.
Definition 1 (Stage 1: Fee setting game): A fee setting game
is a tuple Ω = (I, F, U ) defined by:
• Players: The set of users I = {1, 2}.
• Strategies: Each user i ∈ I chooses a transaction fee fi
from the strategy space Fi = [0, ∞). The feasible set of
all strategy profiles is F = F1 × F2 .
• Payoffs: The vector U = (E(u1 ), E(u2 )) contains two
users’ expected payoff functions defined in Equation (2).

same storage costs per byte. If miner j finds the next block
and includes txi,k in the block, he will incur the storage
cost si C s for storing that transaction. In the blockchain
consensus protocol, if another miner l successfully finds
the next block, miner j still needs to store that block and
bare the storage costs for the transaction which miner l
selects [11]. Thus the storage costs for miner j is:
 P

si C s , if j finds next block (w.p. βj ),

i∈Tj,n
(3)
P

si C s , if l finds next block (w.p. βl , l 6= j),

i∈Tl,n

•

where w.p. represents “with probability”.
Revenue: Only the miner who successfully finds the next
block gets both the mining reward Rm and the transaction
fee from his selection. Thus the revenue for miner j is:

P
Rm +
fi , w.p. βj ,
i∈Tj,n
(4)
0,
w.p. 1 − βj .

Combining the revenue and the cost, miner j’s payoff in the
n-th round of mining is as follows:
P
P
P
wj,n (Tj,n , T−j,n ) = βj
(fi − si C s ) −
βl
si C s
i∈Tj,n

D. Stage 2: n-th Round of Mining
The mining stage consists of infinite rounds of mining.
Without loss of generality, we consider the n-th round of
mining in Stage 2, where each miner selects which transaction
to include in order to maximize his payoff. We formulate the
interactions among the miners as a non-cooperative game.
There are M > 2 miners. We use βj to denote the
probability of miner j finding the next block within each
round, so βj represents miner j’s mining power.
1) Miners’ decisions: Miner j selects a set Tj,n of transaction from the pool T n based on transactions’ fees and storage
costs. Each block contains either one transaction or not. Thus
Tj,n ⊆ T n and the cardinality of Tj,n satisfies |Tj,n | ∈ {0, 1}.
Since for any user i, transaction txi,k1 and txi,k2 (k1 6= k2 )
yield the same fees and storage costs, miner j’s strategy falls
into one of following three cases:
1) Not selecting any transaction.
2) Selecting the earliest transaction from user 1 in the pool.
3) Selecting the earliest transaction from user 2 in the pool.
To simplify the description, we use Tj,n = ∅, {1}, and {2} to
represent the above three cases, respectively.
2) Miners’ payoff functions: Miner j’s payoff consists of
cost and revenue.
• Cost: Miners have both mining cost and storage cost.
– Mining cost: We assume that the mining cost is proportional to mining power and mining time [9] [10]. Let us
denote C m as the mining cost per unit mining power per
unit time, hence miner j’s mining cost in the n-th round
is βj LC m , where L is the duration of each round.
– Storage cost: Let C s denote the storage costs of permanently storing 1 byte. We assume that all miners have the

l6=j

i∈Tl,n

+βj (Rm − LC m ).
(5)
3) Game formulation: We formulate the n-th round of
mining as a non-cooperative game, where miners select the
transactions simultaneously to maximize their own payoffs.
Definition 2 (Stage 2: Transaction selection game): The
transaction selection game in Stage 2 is a tuple Γ =
(M, X , W ) defined by:
• Players: The set of miners M = {1, 2, . . . M }.
• Strategies: Miner j’s strategy space is {∅, {1}, {2}}. The
feasible set of all strategy profiles is X = {∅, {1}, {2}}M ,
where exponent M represents Cartesian product.
• Payoffs: The vector W = (w1,n , w2,n , . . . , wM,n ) contains the payoff functions of M miners defined in Equation (5).
IV. NASH E QUILIBRIUM A NALYSIS
In this section, we analyze Nash equilibrium of the twostage game by backward induction. We derive Stage 2’s
equilibrium in Section IV-A and Stage 1’s equilibrium in
Section IV-B, respectively.
A. Miners’ Transaction Selection Game in Stage 2
We start by analyzing Stage 2. Here, we use −j to represent
all the miners other than miner j.
Definition 3 (Nash Equilibrium): A strategy profile Tn∗ =
∗
∗
(Tj,n
, T−j,n
) constitutes a Nash equilibrium (NE) if
∗
∗
∗
wj,n (Tj,n
, T−j,n
) > wj,n (Tj,n , T−j,n
), ∀Tj,n , ∀j ∈ M. (6)

For the simplicity of presentation, we define hi , fi −si C s
as the net fee of transaction txi,k . Given the users’ decisions
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in Stage 1, we define the highest-net-fee transaction in the
pool as
txi∗ ,k = arg max n hj .
txj,l ∈T

We summarize the NE in the n-th round of mining of Stage
2 in the following theorem.
Theorem 1: The Nash equilibrium of Stage 2 is:
• Case I: The pool contains no transactions, then each
∗
miner j’s strategy is Tj,n
= ∅.
• Case II, III and IV: The pool contains transactions.
∗
– If hi∗ > 0, each miner j’s strategy is Tj,n
= {i∗ }.
∗
– If hi∗ < 0, each miner j’s strategy is Tj,n = ∅.
We leave all the proof of lemmas, propositions, and theorems
in online appendix [12] due to space limits.
The intuition of Theorem 1 is two-fold.
1) Transaction priority: The net fee hi determines transaction txi,k ’s priority (txi,k ∈ T n ). The higher net fee hi
means miners will always record transactions from user i
in the blockchain first (higher priority than tx−i,k ∈ T n ).
2) Threshold fee: The threshold fee for miners to select
transactions txi,k is si C s , which is insufficient to cover
M miners’ total storage costs M si C s .
Negative externality: The key reason behind the second
intuition is the negative externality. That is, the miner only
considers individual payoff maximization and neglects the
storage costs he imposes on other miners, which leads to
insufficient-fee transactions being recorded in blockchain.

The reason is that as user 2 generates more transactions than
user 1, user 1’s transactions suffer a higher delay under a low
priority than user 2’s. Thus user 1 has more incentive to set
a higher net fee than user 2 to achieve a higher priority and
hence reduces his delay cost.
Unfair delay-based pricing: The key reason behind this
insight is the delay-based pricing, where the user who suffers
a higher delay will pay a higher net fee.
Delay-based pricing is unfair because the user who consumes more storage resource not necessarily pays more. It
also implies that we can increase the expected fee by increase
the delays. We will further elaborate it in the next section.
To sum up, transaction fees cannot cover storage costs
because of negative externality and unfair delay-based pricing.
Next we derive the condition of the transaction fees cannot
cover storage costs.
Lemma 1: As the number of round T approaches infinity,
the sum of all transaction fees cannot cover the sum of all
miners’ costs for storing transactions if and only if
γ min(p21 , p22 )
< C s (M − 1)(p1 s1 + p2 s2 ).
1 − p1 − p2
We combine Lemma 1 with the blockchain practice. In
a popular blockchain system, there are many miners (M is
large). To provide good user experience, the block size will be
adjusted to avoid large delay (which means pi is small). Thus,
the condition in Lemma 1 can be satisfied and the transaction
fees are unlikely to cover storage costs in practice.

B. Users’ Fee-setting Game in Stage 1
Based on the NE in Stage 2, we analyze Stage 1.
Without loss of generality, we assume p1 6 p2 , meaning
that user 1 generates fewer transactions than user 2. We define
mixed strategy NE to facilitate the analysis.
Definition 4 (Mixed Strategy Nash Equilibrium): Let B 2 be
the space of all probability measures on D = [0, ∞) × [0, ∞).
A two-dimension probability measure ω ∗ ∈ B 2 constitutes
a mixed strategy Nash equilibrium if the following inequality
holds for all i ∈ I and ∀ωi ∈ B,

R
∗
E(ui (fi , f−i ))d ωi∗ (fi ) × ω−i
(f−i )
D R

(7)
∗
> E(ui (fi , f−i ))d ωi (fi ) × ω−i
(f−i ) .
D

V. I MPACT OF L ONGER B LOCK I NTERVAL
In this section, We show that a longer block interval can
increase fees to compensate the storage costs, meanwhile it
will increase the delay.
A. Longer Block Interval Increases Fees
The length of the block interval is related to the delay
experienced by the users. The longer block interval leads to
the longer delay. Thus, users are more willing to increase the
transaction fees under the delay-based pricing.
With this idea, we can adjust the block interval time10 to let
the total revenues cover the total costs, which facilitates the
sustainable mining. Specifically, as mining reward decreases,
we can increase the block interval L, such that the mining
reward and expected fee together exactly cover all miners’
storage costs and mining costs. The corresponding condition
is:
Rm + E(f NE ) − Ctotal − LC m = 0,
(8)

We denote fiNE as user i’s fee at the NE of Stage 1 and we
summarize the NE of Stage 1 in the following theorem.
Theorem 2: The unique mixed strategy Nash equilibrium in
Stage 1 is:
NE
• User 1 chooses the transaction fee f1
uniformly in the
s
s
interval of [s1 C , s1 C + γd].
• User 2 chooses the transaction fee according to
(
s
w.p. 1 − pp12 ,
NE = s2 C ,
f2
1
), w.p. pp21 ,
∈ U (s2 C s , s2 C s + 1−pγp1 −p
2

where E(f NE ) denotes the expected fee at NE and Ctotal
denotes the total storage cost of all miners. The block interval
also affects transaction generation probability per round pi . For
user i, transaction generation rate per minute Ci is considered

where U stands for uniform distribution.
An interesting insight of Theorem 2 is that the user who
generates more transactions pays lower net fee per transaction.

10 Tuning the block interval time is practical. E.g., the mining difficulty of
Bitcoin is adjusted roughly every two weeks to keep the block interval constant
[1]. Thus, increasing mining difficulty will increase the block interval.
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Fig. 5: As mining reward decreases, the corresponding fee and
block interval required to balance the revenues and the costs.

Fig. 6: The corresponding average delays of transactions as
block interval changes with time.

as a constant and not affected by the block interval. Thus, the
transaction generation probability per round satisfies

To sum up, a longer block interval can alleviate the storage
cost issue in blockchain, but it causes a poor user experience,
because users pay more fees but suffer larger delays.

pi = LCi .

(9)

Based on delay-based pricing, the expected fee E(f NE ) will
increase as block interval L increases. Thus, we can choose
the proper block interval L to let the total revenues cover the
total costs according to Equation (8) and (9). The mathematical
details are shown in online appendix [12].
We use the numerical results to demonstrate this approach.
In Fig. 5, we illustrate the evolution of the mining reward,
transaction fee, and block interval with time. The initial value
of mining reward is Rm = 5 and is halved every four years,
following the pattern in Bitcoin [1]. Based on the mining
reward level at a given time, we determine the transaction fee
and block interval L such that the total revenue exactly cover
the total costs, which is the solution of Equation (8) and (9).
Other parameters are M = 11, C m = 1, C s = 0.5, s1 = 1,
s2 = 1.5, C1 = 0.037 and C2 = 0.055.
In Fig. 5, as the mining reward decreases, we can observe
that the longer block interval will cause users to pay more
fees. This can help compensate the maintenance expense under
decreasing mining reward. On the other hand, it actually
significantly increases the transactions’ average delay, as we
will discuss in the next section.
B. Longer Block Interval Increases Delays
We define the average delay of transaction sequence
(txi,k )∞
k=1 as
PNi (T )
k=1 E (di,k ) L
di = lim
.
(10)
T →∞
Ni (T )
where Ni (T ) is the number of user i’s generated transactions
from round 1 to T , E(vi,k ) is user i’s expected payoff from
txi,k and L is the block interval.
As the block interval increases with time in Fig. 5, we
illustrate the corresponding average delays in Fig. 6. We can
observe that both users’ delays significantly increase as block
interval in Fig. 5 increases with time. The reason is that the
increase of block interval L leads to the increase of transaction
delay. The delay increase force users to pay more fees, which
replaces the shrinking mining reward and cover the storage
costs.

VI. C ONCLUSION
In this paper, we studied the economics of blockchain
storage and identified some potential issues in the current
incentive mechanisms. Specifically, we modeled the storageaware transaction fee determination as a two-stage game and
derived the Nash equilibrium in closed-form. We revealed
that insufficient fees for storage costs are mainly due to the
negative externality and the unfair delay-based pricing. We
also found that a longer block interval means sufficient fees
to cover storage costs, but causes a larger delay.
In the future work, we will consider a more general case
where miners have heterogeneous storage costs and the block
generation time is a random variable. We will also design an
incentive mechanism to address the insufficient fees for storage
cost problem in blockchain.
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