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1. Introduction

The emergence of Bitcoin in 2009 sparked intense debate about the
economic nature of decentralized monetary systems, their long-
run viability, and their institutional implications. In recent years,
one of the most influential critiques in academic economics has
been advanced by Eric Budish, firstin “The Economic Limits of Bit-
coin and the Blockchain” (NBER Working Paper 24717, 2018) and
later in its expanded and revised version, “Trust at Scale: The Eco-
nomic Limits of Cryptocurrencies and Blockchains,” published in
The Quarterly Journal of Economics (Budish, 2025).

Budish’s central thesis can be summarized in three ideas: (i) in
competitive equilibrium, miners in a permissionless blockchain
earn zero economic profit; (i) for the system to be secure against a
majority attack, the cost of such an attack must exceed its expected
benefit; and (iii) taken together, these conditions imply an equilib-
rium restriction—namely, a necessary condition for the equilibrium
described by the model to exist and remain sustainable—according
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to which the “flow cost” of maintaining blockchain security must be
persistently large relative to the gains from attacking it. On this
basis, Budish concludes that “Nakamoto Trust” is structurally
expensive and that there are intrinsic limits to how economically
significant Bitcoin can become as a monetary or settlement system
(Budish, 2018, 2025).

In parallel, within the Bitcoin community and from perspec-
tives more closely aligned with the Austrian School, a set of
responses has emerged that challenges both the assumptions and
the scope of those conclusions, stressing the dynamic, institu-
tional, and entrepreneurial character of Bitcoin security. Notable
contributions include the security model of Hasu, Prestwich, and
Curtis (2019), which emphasizes the role of mining’s sunk capital,
and Garratt and van Oordt’s analysis of the relevance of fixed costs
and specific hardware (ASICs) in protecting against double-spend
attacks (Garratt & van Oordt, 2020). In addition, several authors
and specialized commentators have offered more informal yet
economically substantive critiques of Budish’s approach (Oasis
Team, 2018).

The aim of this article is to reassess Budish’s argument from the
standpoint of the theory of dynamic efficiency developed by Huerta
de Soto (2009), while also taking into account three dimensions that
are crucial from an Austrian perspective and close to Bitcoin:

— The cost of sound money (a gold standard or a Bitcoin stand-
ard) relative to the visible and invisible costs of unsound fiat
money managed by central banks.

— The legal-economic nature of Bitcoin ownership as a form of
radically secure, decentralized, and practically unseizable
property (Graf, 2013).

— The essential difference between Bitcoin—understood as a
commodity money with an immutable supply—and crypto-
currencies, which in practice function as securities that can
be manipulated by their promoters.

These three dimensions are developed in Serrano (2025).
The central claim of this article is as follows: if one adopts a gen-
uinely dynamic notion of efficiency—focused on entrepreneurial
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creativity, institutional quality, and the solidity of property
rights—the expensive character of trust in Bitcoin is not a decisive
argument against its viability, but rather a reflection of the price
that must be paid for a monetary and property regime far more
robust than the one prevailing under fiat money. The problem is
not that Bitcoin is too costly, but that a static framework overlooks
the opportunity cost of maintaining an inflationary system sup-
ported by bank credit and state discretion.

Methodology

This paper adopts a literature review and a theoretical-institu-
tional approach. Specifically, it reconstructs Budish’s argument
(2018, 2025) as a consistency restriction on the security budget, con-
trasts its assumptions with recent contributions on security, sunk
costs, and specific hardware, and reinterprets the debate through
the lens of dynamic efficiency theory, emphasizing the role of
institutions and property rights. The purpose is not to refute Bud-
ish’s formal model on its own terms, but to reassess its scope under
an alternative theoretical framework.

The sources used are mainly documentary (academic articles,
working papers, and specialized literature), complemented by a
comparative conceptual analysis. The criteria for bibliographic
selection reflected theoretical relevance to the debate on the eco-
nomic limits of PoW and its environmental sustainability, prior-
itizing peer-reviewed articles, widely cited working papers, and
contributions representing both critical and supportive positions.

2. “Nakamoto Trust”: definition and basic features

In contemporary discussions about Bitcoin, and particularly in
Budish’s work, the expression “Nakamoto Trust” has become
popular to denote the specific type of trust that emerges from the
so-called Nakamoto consensus, introduced by Satoshi Nakamoto
in his foundational 2008 paper. This is not “trust” in the tradi-
tional sense—placed in identifiable authorities, institutions, or
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intermediaries—but rather a set of probabilistic guarantees based
on cryptography, game theory, and economic incentives.

In traditional payment and settlement systems, trust is placed
in centralized entities: commercial banks, central banks, clearing
houses, wholesale payment systems, and so on. These entities
maintain accounting ledgers, validate transactions, and prevent
fraud (such as double spending) through internal procedures,
audits, and, ultimately, the backing of the state’s coercive power.
The typical user does not personally verify the integrity of the sys-
tem; rather, they rely on the institutional and regulatory solidity of
those intermediaries.

Nakamoto’s model reverses this logic. Nakamoto consensus is
a consensus mechanism for peer-to-peer networks that allows
thousands of untrusted nodes to coordinate on the construction of
a shared record of transactions (the blockchain) without requiring
a central authority. The core of this mechanism is proof of work
(PoW): miners compete in a computational lottery, repeatedly per-
forming a large number of calculations until they can propose a
valid block of transactions and add it to the chain.!

11t is often imprecisely claimed that miners “solve complex mathematical
problems.” In reality, the Proof-of-Work process does not consist of solving sophis-
ticated equations but of a brute-force procedure. Each miner searches for an arbi-
trary number (a nonce) which, when combined with the block’s data (set of
transactions, timestamp, hash of the previous block, etc.) and processed through
the SHA-256 cryptographic function, produces a hash that is less than or equal to
a threshold set by the network, determined by the “difficulty” parameter. This
hash must fall below a certain target (which in practice corresponds to beginning
with a specified number of leading zeros in its hexadecimal representation), mak-
ing it extremely unlikely to be found within a small number of attempts. There is
therefore no deterministic “solution” to a mathematical problem, but rather a
purely probabilistic process in which miners repeatedly compute hashes (millions
or billions per second) until, by chance, one satisfies the required criterion. A com-
mon analogy is to imagine a die with one million faces that is rolled until a number
lower than ten appears: no complex problem is being solved; the experiment is
simply repeated until luck prevails. The greater the computing power (hashrate),
the more “rolls of the die” a miner can perform per second and, therefore, the
higher the probability of finding the block before competitors. The network auto-
matically adjusts the difficulty every 2,016 blocks (approximately two weeks) to
maintain an average block time of around ten minutes. The purpose of this Proof-
of-Work mechanism is to require miners to demonstrate that they have incurred a
real expenditure of resources (energy and hardware) in order to propose valid
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The fundamental rule of Nakamoto consensus is that the valid
chain is the one that accumulates the greatest amount of computa-
tional work—in practice, the “longest” chain in PoW terms. As
long as the majority of mining power is controlled by honest
agents, adding new blocks to the honest chain is faster and more
likely than reconstructing an alternative history. To rewrite the
transaction history (for instance, to execute a large-scale double
spend), an attacker would need to control a very large fraction—in
principle, more than 50%—of the network’s total computing power
for long enough, which in principle makes the attack extremely
costly and risky.

In this context, Nakamoto Trust refers precisely to this peculiar
form of trust: rather than trusting the honesty of a central institu-
tion, participants trust that (i) economic incentives align most min-
ing power with honest behavior, and (ii) the amount of work
accumulated in the dominant chain makes retroactive manipula-
tion of the ledger impracticable except at prohibitive cost. “Trust”
is thus placed in the combination of consensus rules, cryptogra-
phy, and incentives—not in the goodwill of a third party.

This design has well-known advantages: a high degree of
decentralization, radical transparency of the ledger (anyone can
independently verify the validity of the chain), and the elimina-
tion of mandatory intermediaries in basic settlement. However, it
also has limitations: the energy consumption associated with
proof of work, scalability constraints at the base layer, and the
possibility of majority attacks if mining power were to become
significantly concentrated in coordinated hands. Budish’s argu-
ment derives much of its force from these costs and risks. From
the standpoint of Huerta de Soto’s theory of dynamic efficiency
and Austrian monetary theory more broadly, however, it becomes
necessary to interpret more carefully what “trust” in Nakamoto
Trust truly means and what role it may play within a broader
market order.

blocks. The miner whose block is accepted receives the reward (newly issued bit-
coins plus transaction fees). It is this real cost associated with mining that makes
attempts to rewrite the chain’s history and carry out fraud, such as double spend-
ing, prohibitively expensive.
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3. Theoretical framework: static efficiency, dynamic efficiency,
and the market order

Huerta de Soto’s critique of the static efficiency paradigm and the
Pareto optimum is well known in Austrian School literature. In
contrast to a view that identifies efficiency with the allocation of
resources given a fixed set of preferences, technologies, and
endowments, dynamic efficiency theory redefines economic effi-
ciency as the capacity of the market process to discover, generate,
and coordinate new dispersed knowledge (Huerta de Soto, 2009).
In this framework:

— The central object of analysis is not equilibrium but the mar-
ket process.

— The key is not the allocation of resources at a given moment
but the entrepreneurial capacity to discover opportunities
and correct discoordination.

— Institutions—especially property rights, contract enforce-
ment, and the stability of the rules of the game—become
central parameters of efficiency.

Huerta de Soto insists that dynamic efficiency is closely linked
to ethical considerations: without strict respect for private prop-
erty and for the fulfillment of contractual promises, the entrepre-
neurial function is distorted and the coordination process loses its
capacity to generate social order (Huerta de Soto, 2009). It is pre-
cisely from this perspective that the Austrian critique of fiat money
and fractional-reserve banking gains full force: systematic manip-
ulation of interest rates and the money supply generates boom-bust
cycles, distorts economic calculation, and undermines trust in
basic social institutions (Huerta de Soto, 1998).

This dynamic conception of efficiency, in turn, implies a differ-
ent criterion for evaluating technologies such as Bitcoin:

— It is not enough to ask whether its consensus mechanism is
expensive in terms of energy or miner compensation.

— One must compare that cost with the cost of alternative
trust-production mechanisms (the state apparatus, the
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banking system, centralized payment networks) and, above
all, with their cumulative effects on intertemporal coordina-
tion and individual freedom.

From this perspective, the relevant question is not whether Naka-
moto Trust is expensive, but which institutional order is more
dynamically efficient when we compare not only what is seen but
also what is not seen, to use Bastiat’s (1850) well-known distinction.

4. Budish’s argument and its scope

Budish builds his critique of Bitcoin around three central equa-
tions (Budish, 2018, 2025). In simplified terms, his argument can be
summarized as follows:

— A zero-profit condition for miners: in competitive equilib-
rium, expected revenue per block equals the marginal cost
of mining. If expected income per block (subsidy plus fees)
were persistently above the cost of energy and hardware,
new miners would enter until economic profit is driven to
zero. If it were below, some miners would exit until the
hashrate fell and marginal profitability again equaled cost.

— An incentive-compatibility condition ensuring security
against majority attacks: the cost of mounting an attack (in
terms of the resources needed to control most mining power
for the relevant time) must exceed the expected value of the
attack. In other words, for a double-spend or systematic sab-
otage attack not to be attractive, the cost of temporarily
acquiring sufficient hashing power—or diverting existing
power to malicious ends—must exceed the potential gains.

— A necessary condition for the model’s equilibrium to exist and
be sustainable: this condition combines the previous equations
and concludes that recurrent payments to miners (“security
flow”) must be large relative to the benefits of an attack (“stock
of value to be captured”) if network security is to be main-
tained. Put differently, if the system is in competitive equilib-
rium and is secure, this relationship between “security flow”



342 JOEL SERRANO

and “stock of value to be captured” must hold. When expected
revenue per block equals marginal mining costs in equilib-
rium, and one simultaneously requires attack costs to exceed
the value that can be captured, one arrives at a proportionality
relation between the security budget and exposed value: the
more value the network aims to protect, the greater must be the
continuous resource flow dedicated to sustaining the hashrate.

From this basic structure, Budish formalizes the problem as a
repeated game between a potential attacker and honest miners.
The attacker compares the economic value extractable from the
network (e.g., via a double spend of a given magnitude) with the
cost of acquiring or renting enough mining capacity for the time
needed to reorganize the chain. Miners, for their part, adjust their
supply of computing power until expected revenue per block
equals their costs. A secure equilibrium therefore requires that, for
relevant parameter values (Bitcoin’s price, the volume of exposed
transactions, the marginal cost of hashing, the time required for
the attack), attack costs exceed the value that can be captured.

Budish draws several implications from these relationships:

— A permissionless consensus system that seeks to protect a
very large economic volume (e.g., Bitcoin as a global “digital
gold”) would be forced to sustain a very large security bill;
otherwise, the incentive for a majority attack would grow
until the equilibrium becomes likely to break down. That is,
if the security budget (total payments to miners) does not
rise roughly in proportion to the total value settled on the
network, the inequality between attack cost and potential
loot would reverse, and a sufficiently capitalized attacker
might find it profitable to mount such an attack.

— The need to maintain those payments over time clashes with
Bitcoin’s finite issuance schedule, which reduces the block
subsidy through successive halvings (until it disappears in
2140). Insofar as network security relies on the block reward,
the transition to a scheme in which fees must by themselves
sustain the hashrate poses a structural problem: if fee income
does not rise sufficiently and stably, the security budget
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would shrink, eroding the system’s guarantees. From this
perspective, Bitcoin’s fixed supply—one of its main mone-
tary virtues—would become, paradoxically, a source of
long-run fragility. Whether transaction fees alone can sus-
tain a sufficiently robust security budget over the long term
remains an open empirical and theoretical question, whose
resolution will depend on the evolution of demand for block
space, second-layer adoption, and mining cost structures.

— Consequently, there would be intrinsic economic limits to the
magnitude of the role that Bitcoin and similar technologies
can play in the monetary and financial order (Budish, 2018,
2025). According to this logic, it would be unrealistic to expect
a system based on proof of work and block rewards to protect,
efficiently, a volume of wealth comparable to that of a global
financial system without incurring disproportionate security
costs. Hence the title of his work: the economic limits of Bit-
coin and the blockchain.

Budish illustrates these ideas with quantitative comparisons
between Bitcoin’s security budget and the value of potentially
exposed transactions. If the value settled on-chain grows faster
than total payments to miners, the gap between “available loot”
and the effective cost of attacking it widens. In principle, an actor
with access to abundant capital—a hostile state, a large financial
conglomerate—could coordinate a majority attack with a favorable
cost-benefit ratio, especially if it does not fully internalize the rep-
utational damage to the network or, for strategic reasons, values
the harm inflicted more than the direct monetary benefit.

Itis important to acknowledge that Budish’s reasoning has explan-
atory power when applied to small blockchains with low security
budgets, easily replicated tokens, and non-specialized consensus
mechanisms. His analysis captures well why so many cryptocurren-
cies have suffered relatively cheap 51% attacks with devastating
effects on trust and capitalization. Where the total value at stake is
modest, the cost of coordinating an attack can remain below the
potential loot, and the threat of a successful attack is real and frequent.

The essential question is whether that same logic can be applied
without qualification to Bitcoin—with its specific combination of
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proof of work, specialized hardware (ASICs), historical security
track record, and ownership structure—and, further, whether it
can be used to conclude that Nakamoto Trust is dynamically inef-
ficient as the foundation of a long-run monetary order. The remain-
der of the article questions this extrapolation. It argues that
Budish’s model, understood as a static consistency restriction,
omits key elements of dynamic efficiency: the sunk costs of min-
ing capital, hardware specificity, path dependence, miners’ reputa-
tional discipline, and, ultimately, the institutional value of a strong
property regime and an immutable monetary supply.

5. Budish’s model as a security equation of exchange: a critique
from dynamic efficiency

Huerta de Soto’s Austrian critique of the equation of exchange
(MV = PT)—as developed by Mises, Hayek, and Rothbard, and
systematized by Huerta de Soto (1998)—provides a fertile frame-
work for evaluating the scope of Budish’s mathematical model of
the “economic limits” of Bitcoin. In both cases we face formal con-
structions that, while acceptable as definitional identities or simple
aggregate restrictions (i.e., equalities that hold by virtue of how
magnitudes are defined), are often used as if they contained a com-
plete causal theory of complex phenomena: the purchasing power
of money, in the case of the quantity equation; the security of a
decentralized consensus system, in Budish’s case.

From the standpoint of dynamic efficiency, the diagnosis is
similar: both the equation of exchange and Budish’s system of
equations are static and mechanistic descriptions, incapable of
capturing the microeconomic processes, the role of time, and the
capital structure that characterize a real monetary economy.

5.1. Formal tautologies and lack of causal content
Huerta de Soto stresses that the equation of exchange (MV = PT)

is ultimately a tautological identity: it asserts that total monetary
expenditure (left-hand side) equals the monetary value of
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transactions (right-hand side). The problem arises when one
seeks to endow this identity with explanatory content regarding
the price level or the value of money. Moreover, reducing hetero-
geneous transactions to an aggregate PT involves, as Rothbard
argues, an “illogical leap”: there is no solid basis for homogeniz-
ing goods and services of diverse nature into a scalar magnitude.
The equation is thus reduced, in Huerta de Soto’s words (1998), to
a “mere ideogram” devoid of causal power.

Something similar occurs with Budish’s central result. Combin-
ing miners’ zero-profit condition with the attacker’s incentive con-
dition leads to an inequality of the form:

p_block = V_attack | (A_star * t(A_star)),

that is, the flow of payments to miners per block must be sufficiently
large relative to the value of an attack and the time it requires. This
relation is correct as a consistency restriction: no security system
can be robust if the value that can be looted vastly exceeds the cost
of violating it. It is a minimal condition of the system’s logical coher-
ence. If it does not hold, the system is not viable (it is inconsistent
with the idea of “security”). But when taken as an “explanation” of
Bitcoin’s economic limits, it incurs a problem analogous to that of
the equation of exchange: it merely expresses, in symbolic form, the
idea that spending on security must exceed the potential gains from
an attack, without providing a genuine theory of the process by
which both terms are determined and adjust over time.

In both cases, the mathematical form has suggestive power that
can lead one to mistake an identity of definitions for a causal expla-
nation of how the economic process actually works.

5.2. Parameters that are mishandled: from velocity V to V_attack, t(A),
and the hashrate

A central piece of Huerta de Soto’s critique of the quantity equa-
tion is the concept of velocity of circulation V. From Irving Fisher
to Milton Friedman, quantity theory tends to treat V as relatively
stable or predictable, which allows one to infer that changes in M
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translate, over time, into proportional changes in P. Against this,
Huerta de Soto (1998) emphasizes that V is an artificial dependent
variable, defined ex post to preserve the identity, with no autono-
mous economic content. One cannot rigorously speak of an “aver-
age velocity” applicable to individual agents who make specific
transactions. Velocity is not a technical constant, but a residual
that reflects the demand for cash balances and thus changing pref-
erences and expectations.

In Budish’s model we find a similar use of aggregate parameters:

— the value of an attack V_attack,

— the expected duration of an attack #(A),
— the equilibrium hashrate N_star,

— and the unit mining cost c.

These parameters are treated as if they were technological or
environmental data for comparative statics. Yet each of these mag-
nitudes is in fact the result of microeconomic decisions, expecta-
tions, and capital structures:

— V_attack depends on patterns of Bitcoin use (treasury hold-
ings, retail payments, derivatives), the confirmation policies
of exchanges and merchants, the degree of development of
layer-2 solutions that reduce the value exposed on the base
chain, and expectations about the social and technical
response to an attack.

— #(A) is conditioned not only by relative mining power, but
also by the speed and effectiveness of potential counter-
measures (defensive forks, software upgrades, coordinated
changes in the rules followed by nodes).

— N_star and c embody investment decisions in specific ASICs,
technological learning, long-term energy supply contracts,
and regulatory constraints across jurisdictions.

Treating these parameters as exogenous and relatively stable is,
from Huerta de Soto’s perspective, akin to treating V as a constant:
it freezes the outcome of human action and institutional evolution
into “symbols” then taken as “technological” givens.
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5.3. Concealment of microeconomic effects and the capital structure

Huerta de Soto further criticizes the equation of exchange for, by
focusing on the “general price level” P, obscuring changes in rel-
ative prices and the redistribution of income that accompany pro-
cesses of monetary and credit expansion. New money does not
enter neutrally or simultaneously, but sequentially through spe-
cific channels (banking, public spending, large borrowers), gen-
erating the well-known Cantillon effects: some agents benefit
from still-low prices while already holding more money, while
others face higher prices without yet seeing their nominal income
rise. This distorts the productive structure, artificially lengthens
the stages of production farther removed from consumption, and
ultimately leads to unavoidable recessions (Huerta de Soto, 1998,
2009).

Budish’s model, centered on aggregates such as V_attack or total
hashrate, suffers an analogous bias: it obscures microeconomic
heterogeneity and the capital structure involved in Bitcoin secu-
rity. It does not distinguish, for example:

— between internal potential attackers (large mining pools that
have invested in specific infrastructure) and external attack-
ers (hostile states, conglomerates with strategic interests),
whose incentives and constraints differ sharply;

— between different types of Bitcoin holders (retail users, firms,
financial institutions, long-term hodlers) who would experi-
ence the impact of an attack (or an attempted attack) differ-
ently;

— between different forms of specific capital—mining farms,
long-term energy contracts, software and know-how—that
could be sharply devalued if trust in the network were to
erode.

Just as MV = PT collapses to an aggregate P that says nothing
about the capital structure and the production process, Budish’s
scheme reduces Bitcoin security to a relation among a few aggre-
gate magnitudes, without tracking how changes affect the balance
sheets and expectations of the various agents involved.
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5.4. Illusory neutrality and the absence of a value theory: from money to
security

Quantity theory often rests on the idea that money is “neutral” in
the long run: changes in M translate mainly into changes in P,
leaving T unchanged. Huerta de Soto, following Mises and Hayek,
denies this neutrality: monetary and credit expansion not only
raises prices, but also alters the structure of production, generates
malinvestments, and leads to cyclical crises. The equation of
exchange, lacking a theory of capital and time, cannot account for
these effects (Huerta de Soto, 1998).

In Budish’s model we find a form of implicit neutrality assump-
tion: for a given level of Bitcoin use, there would exist a “sufficient
security budget” ensuring system resilience, independently of the
concrete capital and contractual structure surrounding the net-
work. In practice, it is suggested that if the flow of payments to
miners (from subsidies and fees) satisfies the relevant inequality,
the system will be secure, without much regard for how that cost
is distributed, what forms of mining organization prevail, or what
complementary institutions emerge (layer-2 solutions, custodians,
insurers, arbitration mechanisms).

From an Austrian viewpoint, this neutrality is illusory for two
reasons:

— Because the value of security itself is not neutral: having a
medium of exchange with a strictly limited supply, censor-
ship resistance, and practical unseizability profoundly alters
patterns of saving, investment, and capital allocation. It is
not enough to say that “X is spent on security”; one must
understand what effects that security has on the market pro-
cess.

— Because the way in which the security budget is built (via
subsidies, fees, or hybrid models) has implications for the
temporal structure of mining capital and for the distribution
of risks between users and security providers.

In both cases, the underlying problem is the one Huerta de Soto
identifies in the quantity equation: a lack of a theory of value and
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capital capable of correctly interpreting the aggregates being
manipulated.

5.5. Passive macro-aggregates vs human action, entrepreneurship, and
institutional evolution

Finally, Huerta de Soto criticizes the thoroughly macro-aggregate
and mechanistic character of the equation of exchange: individu-
als are subsumed into aggregates (M, V, P, T) that are manipulated
algebraically, without making visible concrete decisions, intertem-
poral coordination (or discoordination) of plans, or processes of
learning and error correction. Austrian business cycle theory, by
contrast, starts from human action and reconstructs step by step
how bank credit expansion alters the intertemporal structure of
production and leads to recession (Huerta de Soto, 1998, 2009).
Budish’s model commits, mutatis mutandis, a similar bias. The
mining industry is represented as a set of identical agents who
enter and exit until profits are exhausted; users and exchanges as
passive recipients of a consensus rule; the attacker as an abstract
player comparing a benefit and a cost in a single move. Left out are:

— mining entrepreneurship (new business models, vertical
integration with energy production, hardware innovation,
geographic relocation in response to regulation);

— institutional innovation (Lightning Network, custody solu-
tions, private insurance against operational failures, contract
clauses that allocate risks);

— the evolution of the protocol itself and associated social
norms (defensive hard forks, adjustments in confirmation
policies, coordination among relevant actors on how to
respond under extreme scenarios).

From Huerta de Soto’s dynamic efficiency theory, these ele-
ments—entrepreneurial action, learning, and institutional evolu-
tion—are precisely what define the long-run viability of a market
order. Just as MV = PT cannot capture the logic of the business
cycle or capitalist development, Budish’s model, taken literally,



350 JOEL SERRANO

cannot capture the real dynamics of Bitcoin security, which is an
emergent product of an ongoing discovery and coordination pro-
cess.

In summary, the analogy is limited but instructive: Budish'’s sys-
tem of equations plays, in the analysis of Nakamoto Trust, a role
analogous to that of the equation of exchange in classical monetar-
ism. In both cases, the tools are useful as restrictions but dangerous
if elevated to the status of complete theories. Of course, security
spending must be of a certain order of magnitude for the system to
make sense. But if one overstates this idea (e.g., the inference that
below a certain security threshold Bitcoin would necessarily
become unviable), one moves from a minimal consistency condi-
tion to a purported total causal law. From an Austrian perspective,
and specifically from Huerta de Soto’s dynamic efficiency theory,
any judgment about Bitcoin’s “economic limits” based exclusively
on such equations risks ignoring precisely what matters: human
action, capital structure, time, and institutional evolution.

6. The cost of sound money: gold, Bitcoin, and the analysis of
what is not seen

A classic objection to the gold standard, articulated in the mone-
tarist tradition, holds that a monetary system based on a scarce
good competitively produced—gold—entails an excessive resource
cost: capital, labor, and land that could have been devoted to other
productive ends. That same objection has been transferred almost
unchanged to Bitcoin: mining would consume too much energy
and too much hardware “merely” to maintain a transaction record
(Serrano, 2025).

However, a more careful analysis, in Bastiat’s (1850) spirit,
requires comparing not only the visible cost of producing gold or
securing Bitcoin, but also the hidden costs associated with an infla-
tionary fiat monetary regime.

From this viewpoint:

— It is true that issuing fiat money has a seemingly negligible
direct cost (through keystrokes at a central bank).
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— But its indirect cost—in terms of boom-bust cycles, malin-
vestments induced by artificially low interest rates, rising
public and private indebtedness, expansion of the state, and
erosion of the purchasing power of savings—is enormous.
Huerta de Soto has extensively documented how the combi-
nation of fractional-reserve banking and central banking
generates a recurrent sequence of unsustainable expansions
and crises, with large capital losses and intertemporal disco-
ordination (Huerta de Soto, 1998, 2009).

If one focuses only on “what is seen”—Bitcoin mining’s electric-
ity bill or the cost of extracting gold—sound money will always
appear expensive relative to fiat. Yet if we take what is not seen
seriously, the comparison changes radically.

In Bitcoin’s case, the large amount of resources devoted to
proof of work is not technical waste, but the price the market vol-
untarily pays for a medium of exchange that offers unprece-
dented institutional properties: perfectly predictable supply,
political neutrality, resistance to censorship and confiscation,
global liquidity 24/7, and an ownership structure difficult to
attack by legal or extralegal means (Serrano, 2025). That millions
of ASICs run hash functions is not a system flaw, but a reflection
of the subjective valuation participants place on those monetary
properties.

In strictly economic terms, the relevant cost is not the book-keep-
ing operating cost of mining, but its opportunity cost. Here the
contrast is stark:

— The opportunity cost of a gold standard or a Bitcoin standard
is foregoing an unsound fiat monetary regime and a struc-
turally expansive state: giving up inflation as a hidden fiscal
tool, discretionary manipulation of interest rates, and the
sustained expansion of the political-bureaucratic apparatus.

— The opportunity cost of an unsound fiat monetary regime is
foregoing sound money and a more limited state: giving up
an institutional framework that favors long-term saving,
prudent investment, fiscal discipline, and a reduction in dis-
cretionary monetary intervention.
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If we consider dynamic efficiency, what ultimately matters is
not only how much it costs to secure the monetary system in terms
of resource flows, but what kind of institutional order is sustained
by that cost. From Huerta de Soto’s perspective, it is economically
coherent that part of society’s capital be devoted to maintaining a
sound monetary system if doing so reduces the frequency and
severity of cycles, improves economic calculation, and constrains
discretionary monetary power.

In this context, Budish’s claim that Nakamoto Trust is very
expensive is incomplete: it correctly describes that Bitcoin’s secu-
rity budget must be large relative to protected value, but it does not
compare that budget with the dynamic cost of the alternative mon-
etary regime.

Environmental critiques and measuring the energy impact

From an Austrian perspective, the relevant point is not to count
“energy per transaction”—a particularly misleading metric under
PoW because security does not scale linearly with the number of
payments—but to understand that energy expenditure is the eco-
nomic anchor of ledger immutability: the observable cost of prevent-
ing double spending without a trusted third party. Precisely for that
reason, the environmental debate requires carefully separating elec-
tricity consumed from carbon footprint (and avoiding metrics that
conflate the two): the former is a physical magnitude; the latter
depends on the electricity mix, the timing of consumption, and—
above all—which generation is marginal in each system. Along
these lines, part of the public critique relies on questionable carbon
accounting—for instance, when it imputes to mining indirect emis-
sions or system averages that do not identify which generation actu-
ally covers the additional consumption; or when it introduces
duplications in emissions accounting and assumptions that are dif-
ficult to verify about what consumption or emissions would have
occurred in the absence of mining (Carter, 2021; Rochard, 2023).
None of this eliminates possible externalities; on the contrary, it
forces us to discuss them with data (electricity mix, hashrate elastic-
ity, hardware efficiency, mining location and mobility) and to
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compare them with the institutional reference framework: what vis-
ible and invisible costs are incurred in securing and disciplining fiat
money, its intermediaries, and its payments infrastructure.

Given that public debate about PoW often focuses on energy con-
sumption, it is useful to incorporate the academic literature that
quantifies and discusses it: there are estimates based on techno-eco-
nomic models and hardware data (de Vries, 2018; Stoll, Klaaflen &
Gallersdorfer, 2019), life-cycle assessment approaches (Kéhler & Piz-
zol, 2019), and reviews synthesizing the state of the question
(Vranken, 2017). In general, results depend on assumptions about
hardware efficiency, electricity prices and contracts, regional carbon
intensity, and patterns of mining relocation, which calls for pru-
dence when extrapolating and, again, for distinguishing between
“consumption” and “emissions”. In parallel, an argument line
emphasizes that mining can behave as flexible, interruptible
demand, absorbing surpluses or “stranded” energy (e.g., unevacu-
ated renewable generation) and, in certain contexts, helping reduce
emissions through methane mitigation from flared or vented gas
(Saylor, n.d.; Batten, n.d.). Tracking and evidence-aggregation tools,
such as BEEST, aim to organize this discussion with comparable
indicators, but their usefulness depends on methodological trans-
parency and the quality of the underlying data (Batten, n.d.).

In sum, the state of knowledge suggests avoiding categorical
conclusions: the environmental assessment of PoW is highly sensi-
tive to assumptions and to observable variables such as the local
electricity mix, the marginal generation that covers additional
demand, and grid constraints. For this reason, rigorous discussion
should rely on replicable measurements, carefully distinguish
metrics, and ultimately compare institutional costs and benefits
against the relevant monetary and payments alternative.

None of these considerations eliminates the possibility of sig-
nificant local externalities, which should be evaluated case by case.

7. Bitcoin’s economic security and bitcoiner critiques of Budish

Several authors close to the Bitcoin ecosystem have pointed to
additional limitations in Budish’s approach. A useful, though
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informal, synthesis appears in Oasis Team’s (2018) response, which
criticizes several key model assumptions:

— Overestimation of the value of an attack: Budish approxi-
mates the potential value that an attacker could capture as a
multiple of the total value of transactions included in certain
blocks. In practice, however, an attacker can only benefit
from the bitcoins they already control and attempt to spend
twice, so the maximum exploitable value is only a fraction of
total volume.

— Ignoring price reactions to frequent attacks: if a majority
attack succeeds and becomes recurrent, confidence in Bit-
coin would collapse, and with it the asset’s price. The value
of what is “stolen” would fall quickly, reducing endoge-
nously the incentive to repeat the attack. The model treats
Bitcoin’s market value as exogenous to protocol credibility,
whereas in reality the two are tightly linked.

— Assuming constant marginal costs and abundant, easily
redeployable mining capacity: the analysis simplifies the
cost structure as if mining equipment could scale without
constraints, when in practice there are bottlenecks in chip
manufacturing, logistical constraints, and, in the case of
highly specific ASICs, a large sunk-cost component.?

Along these lines, Garratt and van Oordt (2020) show that the
presence of significant fixed costs and specific hardware in Bitcoin
mining strengthens system security: when miners must invest
capital in ASICs with little alternative use, their supply of mining
power reacts less to Bitcoin price drops, reducing vulnerability to
double-spend attacks and weakening the most pessimistic predic-
tions about future network security.

2 A sunk cost is an expenditure that has already been incurred and cannot be
recovered, or can only be recovered marginally, even if the project is abandoned. In
the context of Bitcoin mining, a significant portion of the investment in specialized
hardware and infrastructure constitutes sunk capital: if the network were to lose
value or confidence in it were to collapse, that capital would have little alternative use
and its liquidation value would be far below the initial investment.
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For their part, Hasu, Prestwich, and Curtis’s (2019) model empha-
sizes the importance of miner commitment: to operate a mining
farm, an operator must invest today an amount of capital whose
present value is roughly equivalent to half the bitcoins they expect to
mine over the next two years. This means miners hold, in the form of
specific physical capital, an economic position analogous to that of a
large long-term Bitcoin holder. Any behavior that seriously damages
the network—such as systematic double spending or sabotage—
would erode the value of that capital and is therefore strongly disin-
centivized even if a one-off attack might be profitable in static terms.

In dynamic-efficiency terms, these approaches highlight that
Bitcoin security:

— isnot only a function of the current flow of rewards, but also
of the amount of sunk capital whose value depends on the
system’s health;

— is not only a matter of incentives at the margin, but also of
historical trajectory: after seventeen years of operation with-
out catastrophic attacks, participants have developed expec-
tations, routines, and informal rules that reinforce the
protocol’s coordinated stability.

None of this invalidates Budish’s core observation (that the
security budget must be high relative to protected value), but it
does substantially soften the force of his more alarmist conclu-
sions about the supposed inevitability of an attack if Bitcoin
becomes very important as a store of value. Bitcoin security is an
institutional and dynamic phenomenon, not a comparative-statics
exercise with two equations.

8. Property, anonymity, and responsibility: Bitcoin as a new
type of property

An essential aspect of the debate, rarely addressed in more formal
literature, is the nature of Bitcoin ownership. Unlike bank depos-
its, cryptocurrencies, and fiat money itself, Bitcoin offers a prop-
erty regime that combines:
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— radical transparency of the ledger (the blockchain contains
the full transaction history),

— pseudonymity of identities (units are associated with
addresses and UTXOs, not with particular persons),

— exclusive control via private keys.

Functionally, this implies that the owner and the possessor
tend to coincide: only whoever controls the private keys that allow
spending particular UTXOs can dispose of those bitcoins. Except
in cases of negligence, there is no separation between the right and
the fact of possession.

Authors aligned with the Austrian framework have empha-
sized that Bitcoin meets the classic criteria of property: it is exclu-
sively appropriable, effectively controllable, and constituted by
discrete units perfectly identifiable in a public record reflecting
the chain of title (UTXOs) (Graf, 2013; Serrano, 2025).

The institutional novelty is twofold:

— Bitcoin property is not guaranteed by the state. It does not
depend on a central registry, on courts that can order forced
transfers, or on authorities that can confiscate or freeze bal-
ances. The ultimate guarantee lies in cryptography, social
consensus around the protocol, and users’ custody practices.

— Bitcoin introduces, for the first time in history, a form of
property that is practically unseizable and highly portable.
By memorizing (or securely storing) a twelve-word seed
phrase, an individual can “move” their bitcoins across bor-
ders and jurisdictions without the state having the technical
capacity to prevent it.

The counterpart to this sovereignty is strict individual responsi-
bility: the user must take charge of their own security and accept that
mistakes (lost keys, sending to the wrong address, etc.) are not revers-
ible. This has several implications for evaluating Nakamoto Trust:

— the product a user purchases with the network’s security
budget is not only a payment and settlement service, but a
high-quality property regime, outside political discretion;
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— cost analysis must incorporate the value agents place on
holding a form of wealth resistant to inflation, confiscation,
and censorship—particularly relevant in contexts of institu-
tional instability or high inflation;

— the combination of relative anonymity, absence of a central
authority, and cryptographic security is not a technological
whim, but the condition for such property to exist at the
margin in an environment where the state, by design, tends
to expand its control over money and financial assets.

From the perspective of Huerta de Soto’s theory of dynamic
efficiency, this transformation in the property regime is not neu-
tral: by radically improving the institutional quality of ownership
of the medium of exchange, Bitcoin can expand the scope for entre-
preneurship—whether as a long-term savings asset, as collateral
in private contracts, or as the base layer for higher-level financial
services built on voluntary custody and market rules.

9. Bitcoin versus cryptocurrencies: the immutability of the
essence of property

The implications of the foregoing become clearer when comparing
Bitcoin with two other universes: (i) fiat money issued by central
banks; and (ii) the myriad “cryptocurrencies” launched over the
past decade.

In the case of fiat money, one can argue that the monetary bal-
ances individuals hold as deposits and cash resemble a kind of
security sui generis—what I call security-fiat, that is, a monetary
asset whose quantitative and qualitative attributes ultimately
depend on discretionary decisions by a central authority—rather
than genuine commodity money. The central bank and the state
retain the capacity to alter both the utility (via inflation, negative
rates, regulatory changes) and the essence of what is held (e.g,
leaving the gold standard in 1971 or introducing new forms of dig-
ital control over payments). In this sense:

— one dollar is, and will be, an ever smaller fraction of the total
dollar supply;
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— minority holders of that security-fiat have no guarantee of
quantitative or qualitative stability of what they hold (Ser-
rano, 2025).

A similar reasoning applies to cryptocurrencies.® Behind them
we typically find:

— anidentifiable set of promoters and developers with the abil-
ity to change protocol rules (issuance, reward policy, consen-
sus mechanism);

— a highly concentrated ownership structure that allows insid-
ers to decisively influence system evolution;

— formal or informal governance mechanisms that make it
possible, in practice, to alter the token’s essence to suit the
interests of majority holders.

In this framework, the minority holder of a cryptocurrency is in
a position analogous to that of a minority shareholder: their prop-
erty is subject to potential dilution, changes in associated rights,
and so on. Qualitative and quantitative uncertainty about what is
actually owned is high.

Bitcoin, by contrast, operates as a form of commodity money in
the strongest sense:

— its total supply is capped at 21 million units by protocol
design, and this rule enjoys extraordinary social and techni-
cal protection, making changes extremely costly and highly
unlikely in practice;

3 The institutional essence of cryptocurrencies is fundamentally different from
that of Bitcoin. Of the core features that define Bitcoin—decentralization, scarcity,
unforgeability, immutability of monetary policy, irreversibility of transactions, cen-
sorship resistance, stability, credibility, voluntariness, proof of work, and pure prop-
erty—cryptocurrencies, in general, satisfy only voluntariness (no one is forced to use
them) and, in some cases, proof of work (PoW), always with the latent possibility that
this mechanism may be abandoned—something that, in practice, cannot occur in Bit-
coin without it ceasing to be recognized as such by its users. From this perspective, no
cryptocurrency reproduces the remaining essential features of Bitcoin. The logical
consequence is that Bitcoin and cryptocurrencies constitute two distinct institutional
categories that should not be conflated (Serrano, 2025).
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— any attempt to modify this core monetary rule would meet
coordinated opposition from users, node operators, and
much of the community and would, in practice, be forced to
express dissent as a split chain without meaningful eco-
nomic backing;

— owners—majority or minority—can reasonably expect that 1
bitcoin will always be at least one twenty-one-millionth of
the total supply, even though its purchasing power fluctu-
ates (Serrano, 2025).

From Huerta de Soto’s perspective, this institutional stability of
the essence of the monetary good is crucial for dynamic efficiency.
A market order in which entrepreneurs can plan knowing that
monetary policy will not be modified discretionarily offers far
more fertile ground for intertemporal coordination and long-term
investment (Huerta de Soto, 2009).

In sum, Bitcoin and cryptocurrencies do not belong to the same
institutional genus. Extending to Bitcoin objections that are valid
for highly centralized tokens is equivalent to conflating a com-
modity-money regime characterized by rule stability with a secu-
rity-fiat asset subject to discretionary modification by its issuers.

10. Bitcoin, the legal order, and dynamic efficiency: substitute
or complement?

A common objection—one that Budish implicitly captures—is that
securing the ownership and settlement of very valuable assets in an
anonymous, “lawless” environment is extremely expensive. From
this, it is concluded that Bitcoin can only function as a marginal com-
ponent within a broader legal order with property, reputation, con-
tracts, courts, etc., and not as the core of an extensive market order.

From the perspective of Huerta de Soto’s theory of dynamic
efficiency, and in light of the preceding arguments, this objection
can be qualified in several respects:

— Bitcoin does not deny private property or legal institutions;
rather, it introduces a layer of property that is prior to, and
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resistant to, state interference. On top of this layer, many
contractual, entrepreneurial, and legal arrangements can be
built: from professional custody services and private insur-
ance to arbitration and private-law courts specialized in dis-
putes involving keys, access, inheritance, and so on.

— The fact that sovereign custody is possible (self-custody)
does not imply that all agents will choose it. Many will
legitimately prefer to delegate part of the responsibility to
trusted third parties, entering the realm of contracts
enforceable by traditional legal systems. When this hap-
pens, what the user directly holds is no longer pure Bitcoin
but an IOU (with different risks). That decision, however, is
voluntary and reversible: the underlying good continues to
exist as property in its sovereign form (Bitcoin in self-cus-
tody).

— As for the supposedly “excessive cost” of securing valuable
transactions in an anonymous environment, it is worth
recalling that Bitcoin anonymity is relative and that the sys-
tem is evolving toward second-layer solutions (e.g., Light-
ning Network) that increase transaction volume without
raising the base-layer security budget linearly.

More importantly, from dynamic efficiency theory the eval-
uation criterion is not only the cost of operating a system at a
point in time, but its capacity to foster entrepreneurship, protect
property rights, and limit discretionary power. From this per-
spective, Bitcoin can be seen not as a total substitute for the
legal order but as a key component of a polycentric order of pri-
vate institutions:

— at the structural level, the Bitcoin network guarantees a
property register and an immutable monetary policy with-
out requiring trust in the state;

— at other levels, firms, contracts, and reputational mecha-
nisms emerge that coordinate more complex uses—from
financial services to payment infrastructures—always arbi-
traging between the security of sovereign custody and the
convenience of intermediation.
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This view is coherent with Huerta de Soto’s general thesis: a
dynamically efficient market order tends to rely on institutions
that emerge evolutionarily, respect private property, and leave
ample room for free enterprise (Huerta de Soto, 2009). Bitcoin fits
this pattern well.

The claim that it makes no sense to expect a system seeking to
replace the logic of private property and legal institutions to be
dynamically efficient at scale must be reformulated: what is
dynamically inefficient is a system that replaces private property
with discretionary promises of third parties (states or token issu-
ers). Bitcoin does the opposite: it radicalizes private property,
makes it technically more defensible, and invites a rethinking of
higher-level institutional arrangements on firmer foundations.

11. Conclusions

This article has reassessed Budish’s critique of the economic limits
of Bitcoin and the blockchain from a theoretical framework dis-
tinct from static efficiency and partial-equilibrium analysis. In
particular, it has argued that an adequate evaluation of Bitcoin
requires incorporating dynamic efficiency, the entrepreneurial
function, and institutional analysis, along the lines developed by
Huerta de Soto (2009).

From this perspective, the high cost of Nakamoto Trust is not
interpreted as waste, but as the institutional price of sustaining a
monetary and property regime with more rigid and verifiable rules
without the need for a trusted third party. That cost must be assessed
together with its counterpart: the opportunity cost of forgoing
unsound money and an institutional framework that facilitates mon-
etary discretion, credit expansion, and, ultimately, business cycles,
with persistent effects on saving, investment, and fiscal discipline.

The paper has also incorporated contributions from more recent
specialized analyses (Hasu et al., 2019; Garratt & van Oordt, 2020;
Oasis Team, 2018) that help nuance key assumptions in Budish’s
argument by introducing dynamic elements: sunk costs, specific
hardware, path dependence, and reputational discipline mecha-
nisms that influence miners” and participants’ incentives.
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A central result of the discussion is the importance of the property
regime made possible by Bitcoin: the combination of pseudonymity,
practical unseizability, and extreme portability constitutes a singular
institutional innovation, consistent with the Austrian defense of
property rights and with the critique of fractional-reserve banking
(Graf, 2013; Serrano, 2025). In this sense, the paper has also empha-
sized the need to clearly distinguish between Bitcoin and cryptocur-
rencies: whereas the latter tend to reproduce, in private form, features
typical of security-fiat (promises alterable by their controllers), Bit-
coin approaches commodity money with an immutable essence—an
especially relevant feature for dynamic efficiency in the long run.

None of the above implies that Bitcoin is a perfect system or that
the challenges highlighted by Budish—particularly the transition
toward a security regime based almost exclusively on fees—should
be minimized. The long-term sustainability of a fee-driven secu-
rity model remains contingent upon factors that are still evolving,
including transaction demand, technological innovation, and min-
ers’ capital commitments. It implies, rather, that its evaluation
requires attending (i) to the costs of what is seen and what is not
seen (Bastiat, 1850; Serrano, 2025); (ii) to the institutional dimen-
sion of money and property (Graf, 2013; Huerta de Soto, 1998, 2009;
Serrano, 2025); and (iii) to the creative, open, and entrepreneurial
nature of the market process (Huerta de Soto, 2009).

From this perspective, the relevant question is not whether Bit-
coin will fully replace the prevailing monetary and legal order, but
rather to what extent its existence and expansion contribute to
making that order more dynamically efficient by offering a
sounder monetary base, less exposed to political arbitrariness and
more consistent with a strict conception of property rights. In this
sense, Bitcoin can be interpreted as a significant step in the evolu-
tion of monetary institutions toward forms of social coordination
less dependent on the state and more aligned with market pro-
cesses and human entrepreneurship.
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