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Ethereum, Solana, Quorum).

• Technological versatility across diverse sectors such as 
finance, supply chain, healthcare, and public administration.

• The sustainability challenge: High energy consumption raises 
environmental concerns.

• The role of network topology impacts workload distribution, 
latency, and overall blockchain energy efficiency.
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(e.g., via testbed and benchmarking frameworks) and post-
deployment analysis (e.g., by means of visualization tools 
and measures).
o Very few existing blockchain benchmarking tools can analyze energy 

consumption, and none of them can fully model a network topology.

• Despite its significant impact on workload distribution, 
and communication latency, network topology remains 
largely overlooked.
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indicators to measure and observe the energy consumption 
of several blockchains (Algorand, Diem, Ethereum Clique, 
Quorum IBFT, Solana) under different topologies.

3. Serving a controlled environment.

4. Assessing the feasibility of achieving comparable 
performance in a cost-effective cluster setup.
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Real-world network topologies employed

• Fat-tree. A hierarchical topology consisting of core, 
aggregation, and edge layers.

• Full mesh. Each node is connected to every other node, ensuring 
maximum connectivity. 

• Hypercube. Each node is connected to its adjacent nodes in a 
binary-like fashion, forming a multidimensional cube. 

• Scale-free. A few nodes have significantly more connections than 
others.

• Torus. Resembling a grid where each node is connected to its 
adjacent nodes in a wrap-around fashion.
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• Diem. Formerly known as Libra (Facebook), employs a modified HotStuff
consensus protocol to ensure deterministic resolution of the consensus 
problem, reduce communication overhead, and imposes a memory pool limit 
of 100 transactions per signer, with a sequence number in each 
transaction, akin to Ethereum. 

• Ethereum Clique (Proof-of-Authority). Validates transactions in a 
round-robin fashion through approved validators with a minimum block 
interval.

• Quorum IBFT. A permissioned Ethereum variant maintained by ConsenSys
for enterprise use, provides a web socket streaming API for accessing 
real-time blockchain data with a 1-second block period.

• Solana. A high-performance blockchain utilizing Proof-of-History 
combined with Proof-of-Stake for scalability and throughput, requires 
30 confirmations for transaction finality and appends blocks every 400 
milliseconds by replacing both Merkle Patricia Trie and ECDSA.

Vincenzo Di Perna – NiRvAna Workshop. May 29-31, 2025, Urbino, Italy



WORKLOADS

•

•

•

•

10

Vincenzo Di Perna – NiRvAna Workshop. May 29-31, 2025, Urbino, Italy



WORKLOADS

• Based on both native transactions and smart contract requests.

•

•

•

10

Vincenzo Di Perna – NiRvAna Workshop. May 29-31, 2025, Urbino, Italy



WORKLOADS

• Based on both native transactions and smart contract requests.

• PayPal payment system workload averages 193 Transaction per 
second (TPS). For simplicity, however, we modeled it as a 
constant workload of 200 TPS over 5 minutes in our tests.

•

•

10

Vincenzo Di Perna – NiRvAna Workshop. May 29-31, 2025, Urbino, Italy



WORKLOADS

• Based on both native transactions and smart contract requests.

• PayPal payment system workload averages 193 Transaction per 
second (TPS). For simplicity, however, we modeled it as a 
constant workload of 200 TPS over 5 minutes in our tests.

• VISA payment system workload averages 1,700 TPS. For simplicity, 
however, we modeled it as a constant workload of 1,800 TPS over 5 
minutes in our tests.

•

10

Vincenzo Di Perna – NiRvAna Workshop. May 29-31, 2025, Urbino, Italy



WORKLOADS

• Based on both native transactions and smart contract requests.

• PayPal payment system workload averages 193 Transaction per 
second (TPS). For simplicity, however, we modeled it as a 
constant workload of 200 TPS over 5 minutes in our tests.

• VISA payment system workload averages 1,700 TPS. For simplicity, 
however, we modeled it as a constant workload of 1,800 TPS over 5 
minutes in our tests.

• GAFAM. Implemented as a financial market smart contract with 
functions to buy and check the availability of the stocks for 
Google, Apple, Facebook, Amazon and Microsoft. The workload 
operates for 3 minutes, peaking at 19,800 TPS before stabilizing 
between 25 and 140 TPS. For simplicity, we have rounded the peak 
to 20,000 TPS.
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• Fat-tree and full mesh are the most energy-efficient topologies across 
all blockchains, particularly in handling intensive workloads.
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• Ethereum Clique shows the highest energy consumption per transaction, 
regardless of the underlying topology.

• Quorum IBFT experiences increased energy consumption with more 
demanding workloads, especially under fat-tree, hypercube, and torus 
topologies.
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analysis and assess the 
environmental impact beyond 
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dynamics that simulate 
real-world events such as 
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changes.
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blockchain protocol as well 
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