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CONTEXT

• Blockchain enables secure, transparent, and immutable transactions 
between untrusted nodes without central authorities, acting as a 
distributed ledger.

• Cryptocurrencies like Bitcoin (BTC) and Ethereum (ETH) and others 
build decentralized economies on top of blockchain networks.

• As these systems evolve, assessing their economic efficiency — 
beyond technical metrics such as TPS or energy consumption — becomes 
increasingly important.

Blockchain as a Disruptive Economic Technology

Michele Foderaro - NiRvAna - May 29-31, 2025, Urbino (PU), Italy

2/24



PROBLEMS

• No unified index or widely accepted definition exists for economic 
efficiency in crypto ecosystems.

• Traditional global metrics (e.g., GDP, Gini coefficient, Pareto 
efficiency) do not translate well to decentralized systems and mesaure 
only one aspect (e.g. wealth imbalance or others).

• Aspects like supply concentration, user engagement, and asset 
dormancy are often overlooked.

• There’s a lack of a solid theoretical framework connecting on-
chain data to economic behavior.

Lack of a Conceptual and Methodologically Coherent Tool
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OUR CONTRIBUTION

• An axiomatic and theoretically robust framework that withstands 
critical scrutiny.

• It measures the global systemic balance of economic qualities: a high 
entropy score reflects a more evenly distributed and functionally engaged 
qualities of the network.

• Grounded in information theory: Shannon entropy — widely applied 
across disciplines — uniquely captures systemic balance through its 
branching and weighting properties.

• Allows flexibility in attributes and weights selection (via Beliș–Guiașu 
weighted entropy).

• Aggregates several heterogeneous on-chain economic indicators into a 
single efficiency score.

An Entropy-Based Economic Efficiency Index
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THEORETICAL FRAMEWORK #1

• A single index summarizing balance across multiple economic 
dimensions.

• Entropy, initially developed as an information measure, can be used to 
reward well and harmoniously developed blockchains with a 
balanced configuration of economic parameters:

• Entropy, even when interpreted as a measure of good economic balance 
and efficiency of a cryptocurrency, is consistent with the original solid 
theoretical and axiomatic framework.

Why Entropy?
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THEORETICAL FRAMEWORK #2

Why Entropy?

• Entropy is the unique information measure that satisfies the branching 
property axiom

• Entropy is the unique information measure whose components  can be 
weighted without losing its axiomatic properties
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STEPS #1

• Interpret the phenomenon of the economic efficiency.

• Select and model the data allowing the generation of the dataset 
to be processed.

• Process and refine the data by using normalization as well as 
outlier removal.

• Compute the entropy of the crypto assets.

The Approach
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STEPS #2

From Normalization to Entropy-Based Efficiency
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STEPS #3

From Normalization to Entropy-Based Efficiency
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PHENOMENON DEFINITION #1

• Economic efficiency in crypto is not just about value or speed. It 
includes user engagement, wealth distribution, assets activity 
and possibly others.

• Build an index that reflects the health and balance of a crypto economy 
— not just its size.

• Primitive economic qualities (PQ): Direct on-chain metrics (e.g., 
number of transfers, active addresses,...).

• Derived economic qualities (DQ): Combinations of primitives (e.g., 
participation rate, turnover ratio,...).

What Are We Measuring?

10/24
Michele Foderaro - NiRvAna - May 29-31, 2025, Urbino (PU), Italy



PHENOMENON DEFINITION #2

An Example of Possible Primitive Qualities
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PHENOMENON DEFINITION #3

An Example of Possible Derived Qualities
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DATA MODELING

• Sourced from Coin Metrics for reliable, high-quality on-chain data, 
and mapped to the primitive and derived crypto-economic qualities.

Criteria for On-Chain Metric Selection
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DATA PROCESSING

• Min–max normalization: all metrics rescaled to [0,1] for 
comparability of each asset across its full lifetime.

• Native unit values (e.g., BTC, ETH) converted to USD for 
uniformity.

• Wealth Distribution (DQ6) inverted 
→ high concentration = low efficiency.

• Temporal alignment across all series using the earliest common 
timestamp.
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EVALUATIONS

• Apply the entropy-based index to six major cryptocurrencies: Bitcoin 
(BTC), Ethereum (ETH), Ripple (XRP), USD Coin (USDC), 
Dogecoin (DOGE), and Cardano (ADA).

• Evaluation using two sets of derived quality attributes:

o Set1: Basic financial activity indicators (e.g., market cap, 
participation).

o Set2: Structural and behavioral indicators (e.g., wealth 
distribution, turnover, transfer size).

• On-chain data sourced from Coin Metrics, using standardized 
normalization and conversion processes.
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CRYPTOCURRENCIES

• Assets with high market cap, diverse economic functions, and 
sufficient on-chain data availability on Coin Metrics:

- Bitcoin (BTC)
- Ethereum (ETH)

- Ripple (XRP)
- USD Coin (USDC)
- Dogecoin (DOGE)
- Cardano (ADA)
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SETS

• Compare systemic balance under different economic lenses.
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ILLUSTRATIVE EXAMPLE #1

Entropy evolution over time: Set 1
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ILLUSTRATIVE EXAMPLE #2

Entropy evolution over time : Set 2
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ILLUSTRATIVE EXAMPLES: 
PROBABILITIES

Probability distributions of parameters for ETH
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ILLUSTRATIVE EXAMPLES: FINDINGS

• Shannon entropy is suitable to measure the good global balance of 
economic parameters:
 
high entropy signals a good balance across all the qualities describing economic 
efficiency; low entropy indicates the dominance of some parameters and/or 
stagnation in others.

• Qualitative behavior of some cryptocurrencies:

• Roughly speaking, 

Ethereum seems to be the most balanced asset across both attribute sets, 
showing limited volatility in its entropy over time.

XRP seems to exhibit low engagement and poor wealth distribution, while DOGE 
displays high inconsistency across metrics.
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ILLUSTRATIVE EXAMPLES: FINDINGS

• Assets behave differently depending on the attribute set (e.g., XRP appears 
efficient in Set1 but not in Set2), highlighting the importance of attribute 
selection in interpreting economic efficiency.

• Our goal is limited to offering a solid theoretical framework based on 
Shannon entropy, not to assessing a (final) ranking of cryptocurrencies.
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• The proposed entropy-based framework provides a robust, flexible, and 
theoretically sound approach to assess cryptoassets efficiency.

• Enables subjective analysis of crypto-economic efficiency by tracking 
custom parameter distributions over time.

• Can use the Beliș–Guiașu weighted entropy to reflect real-world 
relevance (e.g. weighting entropy with the absolute value ri of parameters, 
prioritizing user engagement over market cap,... ).

CONCLUSIONS
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• Select the best set of on-chain metrics and derived qualities so as to 
obtain a widely accepted definition of economic efficiency for a 
cryptocurrency ecosystem.

• Specialize the entropy-based economic efficiency index to the several 
case-uses for cryptocurrencies, such as digital payments, store of 
value, decentralized finance, smart-contracts, etc..., by selecting different 
sets of parameters.

• Use the Beliș–Guiașu weighted entropy with wi=ri, the absolute value 

of the normalized parameters, so as to jointly reward not only the well-
balanced economic structure of the cryptocurrency, but also its absolute 
value.

FUTURE WORKS
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