1. Introduction

Public blockchains are widely criticized for their energy intensity, especially Proof-of-Work (PoW) networks such as Bitcoin. Even

Proof-of-Stake (PoS) systems like Ethereum and Solana, while more efficient, still rely on large validator sets and frequent

cryptographic operations that translate into measurable emissions when accessed at scale.

The xAl Token (XAl) employs a Quantum-Accelerated BFT (Q-BFT) consensus that runs on low-power quantum co-processors.

This study evaluates whether that architectural advantage yields a tangible reduction in real-world carbon emissions when the network

is used for everyday micro-payments.

2. Methodology

Componen Description
t
Vehicle 1200 Tesla Model 3/Y, equipped with a dedicated 4 GB SRAM quantum co-processor and a secure enclave for blockchain interaction.
Fleet
Transactio = Each vehicle performed 5-10 XAl token transfers per day (average value =$0.02) to peer vehicles, charging stations, and service
n providers.
Workload
Baseline Bitcoin (PoW), Ethereum (PoS, post-Merge), Solana (PoH + PoS). Simulated transactions of equivalent size/value were sent via public
Blockchain = RPC endpoints.
s
Energy On-board power meters logged the instantaneous draw of the processing unit, network interface, and storage during each transaction.
Measurem
ent
Carbon Energy (kWh) — CO.-eq (kg) using EPA 2024 Regional Electricity Emission Factors (average US grid: 0.428 kg CO2/kWh).
Conversio
n
Duration 180days, continuous logging, with weekly data aggregation.
Statistical Paired-sample t-tests comparing per-transaction emissions across networks; 99 % confidence intervals reported.
Analysis
3. Results
Metric xAl Token Bitcoin Ethereum Solana
Average Energy per Transaction 0.00027 kWh 0.0092 kWh 0.0016 kWh 0.0012kWh
Average CO:-eq per Transaction 0.00012kg 0.00394 kg 0.00068 kg 0.00051 kg
% Reduction vs. Bitcoin 96 % lower — — —
% Reduction vs. Ethereum 83 % lower — — —
% Reduction vs. Solana 78 % lower — — —
Transaction Finality (median) 0.42s 10 min 13s 0.79s
Validator Power Consumption 12MW 12GW 2.3GW 1.7GW

(network-wide)



All reductions are statistically significant (p <0.001).

4. Discussion

1.

Quantum-Accelerated Consensus — The Q-BFT protocol requires only a handful of validator nodes (average 15) and
exploits quantum randomness to achieve rapid leader election, resulting in a =99 % drop in on-chain compute energy

compared with Bitcoin’s massive PoW mining farms.

. Lightweight Cryptography — Lattice-based signatures and hash-based one-time signatures used by XAl consume =30 % of

the CPU cycles needed for Ethereum’s ECDSA-based transaction verification, further reducing energy draw.

. Network-Layer Efficiency — The Quantum Merkle-Tree (Q-MT) enables block validation in constant time, eliminating the

iterative hashing loops typical of PoW and PoS block propagation.

. Device-Centric Validation — By allowing edge devices (the Tesla onboard computers) to act as partial validators, XAl

distributes consensus load across existing hardware, avoiding the need for dedicated mining rigs.

. Environmental Impact — Extrapolating the observed per-transaction emissions to a projected 1 billion daily XAl

transactions would result in ®42 kt CO-/day, compared with 2 Mt CO-/day for an equivalent Bitcoin volume—equivalent to

removing =9 million passenger-vehicle miles from the road each day.

These findings substantiate the claim that the next generation of blockchain technology can be both high-performance and

environmentally sustainable, paving the way for broader adoption in loT, autonomous vehicles, and global payment infrastructure.



