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Introduction 

The debate surrounding cryptocurrency mining can no longer be understood solely as a direct consequence of 

blockchain development. At the operational level, the more pertinent question is whether the computational processes 

performed genuinely yield value commensurate with the energy, cost, and risks incurred. In this context, proof-of-

work (PoW) mining must be read not merely as a transaction validation mechanism, but also as a technical practice 

carrying significant economic and environmental consequences [1], [2], [3]. 

The network security provided by PoW is paid for through substantial computational and energy requirements. 

Consequently, discussions on mining occupy the intersection of three concerns: technical stability, cost feasibility, 

and ecological burden. Literature on blockchain energy consumption demonstrates that efficiency cannot be assessed 

uniformly because it is influenced by consensus design, network characteristics, electricity sources, and system 

operational patterns [4], [5], [6], [7]. 

The emergence of proof-of-stake (PoS) has shifted part of the debate from hash competition to asset-ownership-

based validation models. However, the presence of PoS does not automatically render PoW studies irrelevant [8], [9]. 

For users who still rely on general-purpose CPUs and GPUs, the more pressing issue lies in how efficiently hardware 

operates under real conditions rather than normative debates regarding which consensus mechanism is theoretically 

optimal. 

In practice, mining efficiency is shaped by a combination of hardware characteristics, software configuration, 

operating temperature, connection stability, and market-dependent payout mechanisms. In this study, XMRig is 

relevant not only because it supports multiple algorithms, but also because its configuration options can substantially 

Abstract  

Cryptocurrency mining under a non-native token payout scheme presents multidimensional challenges involving technical 

performance, economic viability, and environmental impact. This study evaluates the operational feasibility of acquiring Shiba 

Inu (SHIB) tokens through the unMineable platform combined with XMRig mining software by applying a multidimensional 

efficiency framework. A descriptive-analytical mixed-methods approach was used, in which nine computing units equipped with 

Intel Core i5 processors and mid-range GPUs were observed continuously for approximately 30 days. The recorded variables 

included hashrate, power consumption, operating temperature, SHIB payout volume, electricity cost, and estimated carbon 

emissions. The results show that GPU units achieved a relative efficiency of approximately 208 H/W under the KAWPOW/Ethash 

algorithm, whereas CPU units running RandomX reached approximately 46 H/W, indicating that GPU mining was about 4.5 

times more efficient per watt in the tested configuration. Economically, the combined configuration consumed 133.2 kWh per 

month with an electricity cost of IDR 213,120, while generating approximately 1,250,000 SHIB tokens valued at IDR 175,000 

under the assumed price of IDR 0.14 per token. This resulted in a monthly deficit of IDR 38,120 and a profitability margin of -

21.8%. Environmentally, the operation produced an estimated 93.24 kg CO₂ per month, equivalent to 1,118.88 kg CO₂ annually. 

These findings confirm that mining evaluation should integrate hashrate, power consumption, payout mechanisms, electricity 

tariffs, and carbon intensity rather than relying solely on computational speed. The study contributes a replicable evaluation 

framework and recommends GPU power throttling, XMRig huge-page optimization, and operational scheduling as realistic near-

term interventions. 
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alter actual hardware performance. Accordingly, efficiency analysis must not stop at CPU or GPU specifications; it 

must also encompass the quality of system settings employed [10], [11], [12]. 

SHIB is not a natively mineable PoW asset; therefore, its acquisition through unMineable depends on a conversion 

mechanism from other algorithm outputs. As a result, efficiency analysis in this study is more complex than simply 

comparing power consumption and hashrate. The actual value received by users is also determined by the payout 

scheme, platform fees, payout threshold, and token price fluctuations [13], [14]. In this context, the study of SHIB 

mining through unMineable constitutes an examination of a process chain, not a standalone computational activity. 

The research problem lies in the lack of clarity as to whether the unMineable-XMRig mining scheme for SHIB 

acquisition is operationally viable when simultaneously evaluated from technical, economic, and environmental 

perspectives. Many public discussions stop at hardware performance claims or revenue potential, while operational 

decisions are determined by the interrelationship among these variables. Therefore, this study positions efficiency as 

a multidimensional concept rather than a mere computational ratio. 

Operationally, this study aims to: (1) compare CPU and GPU efficiency based on the ratio of computational output 

to power consumption; (2) assess whether SHIB payouts can cover electricity costs under the tested configurations; 

(3) calculate the emission consequences of recorded energy consumption; and (4) formulate optimization options that 

are realistic for individual-scale users. 

Literature Review 

A. Blockchain and Consensus Mechanisms 

In blockchain networks, consensus mechanisms function not only as technical procedures but also as the 

foundation of legitimacy for adding new blocks. PoW places computational proof-of-work as the prerequisite for 

obtaining validation rights, making network security directly related to the cost of attack. This strength explains why 

PoW is still maintained in several networks despite ongoing debates over energy use, mining incentives, and 

vulnerability to concentration [1], [2], [15]. In contrast, PoS shifts the security foundation from hash competition to 

committed asset stakes, substantially reducing energy requirements [8], [9]. This distinction is critical because 

efficiency research in mining must place hardware and energy consumption within the logic of the underlying 

consensus design. Blockchain-based systems are also linked to broader decentralized business models and smart 

contract ecosystems, while mining concentration can affect practical decentralization outcomes [16], [17], [18]. 

B. Non-Mineable Tokens and the unMineable Payout Mechanism 

For non-natively mineable tokens such as SHIB, the relationship between computational activity and the received 

asset is indirect. unMineable mediates this process by accepting hash contributions from specific algorithms and then 

converting them into the user-selected token [14]. Because there is a conversion layer, fees, and a payout threshold, 

efficiency in this model must be read as payment-chain efficiency rather than purely miner efficiency. When users run 

XMRig directed at the unMineable pool, the device does not mine SHIB natively; the value received depends on 

computational output, pool policy, token conversion mechanism, and platform service deductions [13]. 

C. RandomX Algorithm and XMRig Software 

RandomX was designed to strengthen the competitiveness of general-purpose hardware and reduce the advantages 

of specialized mining devices [19]. In this context, XMRig is important because it provides an optimization space that 

can alter practical mining outcomes, for example through memory settings, thread configuration, and backend 

parameters [19], [20]. Therefore, observed performance in studies such as this should not be claimed as an inherent 

property of the hardware alone. Technical documentation from XMRig indicates that settings such as huge pages, 

thread profiles, and tuning parameters can substantially influence RandomX performance. 

D. Mining Efficiency, Profitability, and Environmental Impact 

The hashrate-to-power ratio is a useful initial indicator of technical efficiency, but it is insufficient to conclude 

mining viability. Operational decisions are ultimately determined by asset price, electricity tariffs, pool policies, 

transaction fee dynamics, and emission intensity at the location of use [10], [21], [22], [23], [24]. Technical efficiency 

does not always move in the same direction as profitability: hardware that is more energy-efficient may not necessarily 

deliver better economic outcomes if token payouts are low, market prices fluctuate sharply, or local electricity costs 

are high [11], [25], [26]. 

From an environmental perspective, PoW mining activity has long been debated for its energy footprint. Even at 

a small scale, environmental impact assessments remain relevant when the electricity used originates from high-carbon 
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systems [27], [28], [29], [30], [31], [32], [33]. A comprehensive mining study must therefore integrate the technical, 

economic, and environmental dimensions within a single coherent analytical framework. 

Table 1. Summary of Relevant Prior Studies 

No. Author & Year Research Focus Method Key Findings 
Relevance to This 

Study 

1 de Vries (2018) Bitcoin energy 

consumption and 

growth projections 

Network-

data-based 

estimation 

Bitcoin energy consumption 

grew exponentially to 

environmentally concerning 

levels 

Provides theoretical 

basis for PoW energy 

impact 

2 Sedlmeir et al. 

(2020) 

Energy consumption 

of various blockchain 

types 

Systematic 

and 

comparative 

review 

PoW is far more energy-

intensive than non-PoW 

consensus designs 

Supports PoW vs. 

PoS comparison in 

efficiency context 

3 Saleh (2021) Sustainability and 

efficiency of proof-of-

stake 

Theoretical 

modeling 

(game 

theory) 

PoS can achieve equivalent 

security to PoW with far lower 

energy consumption 

Provides basis for 

comparing consensus 

mechanisms 

4 Nakamoto (2008) PoW-based peer-to-

peer system design 

Technical 

protocol 

design 

Decentralized electronic cash 

system enables trustless 

transactions 

Conceptual 

foundation for PoW 

and mining 

mechanisms 

5 Krause & 

Tolaymat (2018) 

Energy and carbon 

costs of 

cryptocurrency 

mining 

Quantitative 

analysis 

Mining of major 

cryptocurrencies generates 

significant carbon emissions 

comparable to some industries 

Supports carbon 

emission estimation 

methodology 

Source: Compiled by author based on literature review (2008–2023). 

Method 

A. Research Design and Approach 

This study employs a mixed-methods approach with a descriptive-analytical design. The quantitative approach is 

used to measure and analyze numerical data pertaining to device performance, economic outcomes, and carbon 

emission estimates. The qualitative approach is used to observe system operational stability and identify technical 

constraints during the mining process. The combination of these approaches was selected because cryptocurrency 

mining efficiency is multidimensional and cannot be adequately understood through performance metrics alone. 

B. Research Object and Subject 

The object of this study is the cryptocurrency mining activity conducted through the unMineable platform, with 

XMRig as the mining software configured to generate payouts in the form of Shiba Inu (SHIB) tokens. The study 

focuses on three primary dimensions: technical efficiency, economic viability, and environmental implications. The 

research subjects consist of nine computing units used as operational mining nodes. 

Table 2. Hardware and Software Specifications of Research Devices 

No. Component Specification Units Notes 

1 Processor (CPU) Intel Core i5 (8th gen or newer) 9 Supports RandomX via XMRig 

2 Graphics Card 

(GPU) 

Mid-range GPU (GTX 1060/RX 580 

equivalent) 

9 Used for KAWPOW/Ethash algorithm 

mining 

3 RAM Minimum 8 GB DDR4 9 Required for optimal RandomX 

operation 

4 Storage SSD/HDD minimum 128 GB 9 For OS and mining software 
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No. Component Specification Units Notes 

5 Internet 

Connection 

Stable ≥5 Mbps, low latency 1 

network 

Required for pool server communication 

6 Operating System Windows 10/11 or Linux Ubuntu 9 Compatible with XMRig and 

unMineable GUI 

7 Software XMRig v6.x + unMineable GUI 9 Mining engine + SHIB payout interface 

Source: Primary research data. 

C. Data Types and Sources 

This study uses two main data types. Quantitative data include CPU and GPU hashrate (kH/s and MH/s), electricity 

consumption (Watts), device temperature (°C), SHIB tokens obtained, SHIB price (IDR), electricity cost (IDR), and 

estimated carbon emissions (kg CO₂). Qualitative data include system stability during operation, technical constraints 

encountered, software configuration effectiveness, and observations of device behavior during mining. 

Table 3. Operational Definition of Research Variables 

No. Variable Operational Definition Indicator Unit 

1 Hashrate Computational speed of the device in 

solving cryptographic calculations per unit 

time 

H/s, kH/s, MH/s kH/s (CPU); 

MH/s (GPU) 

2 Power 

Consumption 

Electrical power used by the device while 

running the mining process 

Watts (W) Watt 

3 Relative 

Efficiency 

Ratio of hashrate output to electrical power 

consumed 

H/W = Hashrate ÷ 

Watt 

H/W 

4 SHIB Amount Total SHIB tokens received from 

unMineable during the observation period 

Accumulated SHIB 

per month 

SHIB tokens 

5 Electricity Cost Total expenditure for electricity 

consumption during mining period 

kWh × Electricity 

Tariff 

IDR 

6 Profitability Difference between gross SHIB revenue 

and total electricity cost 

Revenue − 

Electricity Cost 

IDR 

7 Operating 

Temperature 

Temperature of CPU/GPU components 

during mining 

°Celsius °C 

8 Carbon 

Emissions 

Estimated carbon footprint based on total 

electricity consumption 

kWh × Emission 

Factor 

kg CO₂/month 

Source: Compiled by author based on theoretical framework and research context. 

D. Research Hypotheses 

Based on the literature review and the conceptual framework developed, this study formulates four research 

hypotheses to be empirically tested through operational observation and data analysis. 

Table 4. Research Hypotheses 

Code Hypothesis Dimension 
Verification 

Status 

H1 GPUs exhibit higher mining efficiency than CPUs based on 

hashrate-per-watt ratio 

Technical ✓ Confirmed 

H2 Mining via unMineable-XMRig for SHIB acquisition does not 

yield positive profitability under common hardware configurations 

Economic ✓ Confirmed 

H3 Small-scale mining using conventional electricity generates a 

proportionally significant carbon footprint 

Environmental ✓ Partially 

Confirmed 
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Code Hypothesis Dimension 
Verification 

Status 

H4 System configuration optimization and operational time scheduling 

can measurably improve mining efficiency and profitability 

Strategic Requires further 

testing 

Source: Formulated by author based on literature review and conceptual framework. 

E. Data Collection Procedure 

The research procedure was conducted in five systematic stages. First, a literature study was conducted to build 

the theoretical foundation regarding blockchain, consensus mechanisms, mining algorithms, energy efficiency, and 

data-driven optimization approaches. Second, hardware and software were prepared, including installation and 

configuration of unMineable and XMRig on nine computing units. Third, the mining process was run continuously 

for approximately 30 days to obtain representative performance and operational data. Fourth, all technical, economic, 

and environmental data were recorded systematically using structured observation sheets. Fifth, data were analyzed 

to assess efficiency and formulate optimization strategies. 

F. Data Analysis Techniques and Formulas 

Data analysis was performed both quantitatively and qualitatively. The following primary formulas are used, each 

accompanied by detailed explanations of the components and parameters involved. 

1) Relative Efficiency (Hashrate-per-Watt Ratio) 

Technical efficiency of the device is measured using the hashrate-to-power-consumption ratio, mathematically 

formulated as follows: 

E = H / P (1) 

where E = relative device efficiency (H/W or kH/W); H = average device hashrate (hashes per second, kH/s, or 

MH/s); P = electrical power consumed by the device (Watts). A higher value of E indicates a more efficient device in 

producing computational work per unit of energy. Calculation example — GPU: E = 22,500 kH/s ÷ 120 W = 187.5 

H/W; CPU: E = 2,850 kH/s ÷ 65 W = 43.8 H/W. 

2) Total Energy Consumption 

Total electricity consumption during the observation period is calculated using the standard formula: 

Q = (P × t) / 1000 (2) 

where Q = total energy consumption (kilowatt-hours, kWh); P = total electrical power used (Watts); t = duration 

of operation (hours); 1000 = conversion factor from watt-hours to kilowatt-hours. Example: Q = (185 W × 720 h) / 

1000 = 133.2 kWh (for 30 days × 24 hours). 

3) Operational Electricity Cost 

The operational electricity cost during the mining period is calculated as: 

C_L = Q × T_L (3) 

where C_L = total electricity cost (IDR); Q = total energy consumption (kWh) from Equation (2); T_L = electricity 

tariff per kWh (IDR/kWh), assumed at IDR 1,600/kWh. Example: C_L = 133.2 kWh × IDR 1,600 = IDR 213,120. 

4) Gross Mining Revenue 

Gross revenue generated from mining activity is calculated as: 

R = N_SHIB × H_SHIB (4) 

where R = gross revenue from mining (IDR); N_SHIB = number of SHIB tokens acquired during observation 

period; H_SHIB = market price of SHIB per token (IDR/token) at the time of evaluation. Example: R = 1,250,000 × 

IDR 0.14 = IDR 175,000. 

5) Net Profitability 

Net profitability of mining activity is calculated as the difference between gross revenue and electricity cost: 

Π = R − C_L = (N_SHIB × H_SHIB) − (Q × T_L) (5) 

where Π = net profitability per period (IDR); R = gross mining revenue from Equation (4); C_L = operational 

electricity cost from Equation (3). A value of Π > 0 indicates a profitable condition (surplus); Π < 0 indicates a loss 

(deficit). Example: Π = IDR 175,000 − IDR 213,120 = −IDR 38,120 (deficit). 

6) Carbon Footprint Estimation 

Carbon emissions from electricity consumption during mining operations are estimated using: 
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E_CO₂ = Q × F_E (6) 

where E_CO₂ = estimated carbon emissions (kg CO₂); Q = total energy consumption (kWh) from Equation (2); 

F_E = electricity emission factor (kg CO₂/kWh); Indonesia = 0.70 kg CO₂/kWh [34]. Example: E_CO₂ = 133.2 kWh 

× 0.70 = 93.24 kg CO₂/month. 

G. Research Flowchart 

Figure 1 presents the systematic research flowchart describing the sequence of procedures employed in this 

study, from initial problem identification through to conclusion and recommendation. 

1. Problem  

    Identification 

Operational feasibility of cryptocurrency mining via unMineable-XMRig for SHIB 

acquisition is unclear when evaluated from technical, economic, and environmental 

perspectives simultaneously. 

  

2. Literature 

    Review 

Review of PoW/PoS consensus mechanisms, RandomX algorithm, XMRig software, 

energy consumption, profitability models, and carbon emission factors. 

  

3. Data Collection 30-day observation on 9 computing units (Intel Core i5 CPU + mid-range GPU) recording: 

hashrate, power consumption, temperature, SHIB payout, electricity cost, carbon 

emission. 

  

4. Data 

    Preprocessing 

Normalization of hashrate units (kH/s, MH/s), validation of per-unit vs. aggregate 

aggregation, assumption setting (SHIB price: IDR 0.14/token; electricity tariff: IDR 

1,600/kWh; emission factor: 0.70 kg CO₂/kWh). 

  

5. Method / Model     

    Implementation 

Application of six quantitative formulas: Relative Efficiency (E=H/P), Energy 

Consumption (Q), Electricity Cost (C_L), Gross Revenue (R), Net Profitability (Π), 

Carbon Emission (E_CO₂). 

  

6. Testing / 

    Validation 

Hypothesis verification (H1–H4), cross-check of per-unit vs. total-unit aggregation 

consistency, sensitivity analysis of profitability to SHIB price fluctuation. 

  

7. Results Analysis Comparative analysis of CPU vs. GPU efficiency; economic analysis showing net deficit; 

environmental analysis estimating monthly carbon footprint; optimization strategy matrix. 

  

8. Conclusion Synthesis of multidimensional findings; evidence-based optimization recommendations; 

identification of research limitations and future research directions. 

Figure 1. Research Flowchart 

Results And Discussion 

A. Technical Observation Results 

Observation data indicate that mining can be performed with relative operational stability on the tested 

configuration. However, operational stability does not automatically imply adequate efficiency. The fundamental 

consistency of analysis must first be established: whether the figures presented represent a single device unit or the 

aggregate of all units. Without this clarity, interpretations of cost, emissions, and profitability become unreliable. 

Table 5. Summary of Technical Observation Results of Mining Activity 

Indicator CPU (Intel Core i5) GPU (Mid-range) Comparison & Notes 

Average Hashrate 2.5–3.2 kH/s 20–25 MH/s GPU ~7,800× higher in absolute 

terms 

Power Consumption ~65 Watts ~120 Watts GPU requires ~85% more power 

than CPU 
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Operating 

Temperature 

65–75°C 65–75°C Both within safe thermal range 

(<85°C) 

Relative Efficiency 

(H/W) 

~46 H/W ~208 H/W GPU ~4.5× more efficient per 

watt 

Operational Stability Stable (minor crashes) Stable (requires 

temperature monitoring) 

GPU requires more consistent 

cooling 

Algorithm Used RandomX KAWPOW / Ethash Matched to hardware capabilities 

Monthly SHIB 

Output* 

~375,000 SHIB ~875,000 SHIB *Estimate based on unMineable 

payouts 

Source: Primary data from approximately 30-day observation. *Estimated based on accumulated unMineable 

payouts; actual values may vary according to network conditions and platform fees. 

Table 5 presents a comprehensive side-by-side comparison of CPU and GPU performance across seven technical 

indicators recorded during the 30-day observation period. The most salient finding is that GPU units produced a 

relative efficiency of approximately 208 H/W, compared to 46 H/W for CPU units—a 4.5-fold advantage in 

computational output per unit of power. This confirms Hypothesis H1 (GPU ≻ CPU in efficiency per watt) under the 

specific algorithms and configurations tested. The absolute hashrate differential (GPU being approximately 7,800× 

higher when expressed in common units) is, however, partly an artifact of the different algorithms employed—

RandomX for CPU and KAWPOW/Ethash for GPU—and should not be interpreted as a universal architectural 

superiority claim. Both configurations maintained operating temperatures within the safe thermal range (65–75°C, 

below the 85°C critical threshold), indicating that neither thermal throttling nor thermal damage was a confounding 

factor during the observation. The monthly SHIB output estimates (375,000 for CPU; 875,000 for GPU) are derived 

from accumulated unMineable payouts and are subject to variation due to network difficulty adjustments and platform 

fee policies. These figures form the foundation for the economic analysis presented in Section 4.3. 

B. Technical Analysis: Hashrate-per-Watt Efficiency 

When computational output per unit of power is used as the metric, GPU units demonstrate a clear advantage over 

CPU units within the operational context of this study. However, this finding requires careful qualification. First, the 

two device types operate on different algorithms, rendering the comparison operational rather than a pure architectural 

evaluation. Second, configuration choices in XMRig, specifically huge-page activation and thread parameterization, 

are known to influence RandomX performance by 10-20% [35], meaning that the observed CPU efficiency of 

approximately 46 H/W represents a configuration-dependent value rather than a hardware ceiling. Third, the GPU 

efficiency of approximately 208 H/W is bounded by the power limits applied during observation; further power 

reduction through throttling could potentially increase H/W ratios at the cost of absolute hashrate reduction. 

These contextual constraints mean that the technical results in Table 5 are best interpreted as an evaluation of a 

specific tested scheme under defined conditions, not as generalizable claims about all CPU-GPU comparisons. 

Nonetheless, within the scope of this study, the GPU configuration consistently produced superior computational 

efficiency per watt, supporting the direction of Hypothesis H1. 

C. Economic Analysis: Profitability and Cost Sensitivity 

Table 6. Economic Analysis of Mining Activity (per Month) 

Cost/Revenue Component CPU GPU Total (CPU+GPU) Unit 

Average Operating Power 65 120 185 Watts 

Energy Consumption (30 days, 24 h) 46.8 86.4 133.2 kWh/month 

Electricity Cost (IDR 1,600/kWh) 74,880 138,240 213,120 IDR/month 

SHIB Tokens Acquired ~375,000 ~875,000 ~1,250,000 tokens/month 

SHIB Value (IDR 0.14/token) 52,500 122,500 175,000 IDR/month 

Net Profitability (Π) −22,380 −15,740 −38,120 IDR/month 

Profitability Margin −42.6% −11.4% −21.8% % 

Source: Author's calculations based on observational data. Assumptions: SHIB price IDR 0.14/token; electricity 

tariff IDR 1,600/kWh; continuous 24-hour × 30-day operation. 
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Table 6 presents a comprehensive economic breakdown of the mining operation on a per-month basis, 

disaggregated by device type (CPU and GPU) and presented as a combined total. The table reveals that the combined 

configuration incurred an electricity cost of IDR 213,120 per month against gross SHIB revenue of IDR 175,000, 

yielding a net monthly deficit of IDR 38,120 (a profitability margin of −21.8%). This finding provides empirical 

support for Hypothesis H2—that the unMineable-XMRig scheme for SHIB acquisition does not generate positive 

profitability under common hardware configurations at the tested SHIB price and electricity tariff assumptions. 

A particularly important pattern revealed by Table 6 is the differential in profitability margins between CPU 

(−42.6%) and GPU (−11.4%) units. While both configurations operate at a deficit, the GPU configuration is 

substantially less loss-generating per unit, reinforcing the technical efficiency advantage demonstrated in Table 5. 

This asymmetry implies that if SHIB prices were to increase by approximately 22% from the assumed IDR 0.14/token 

to approximately IDR 0.17/token (ceteris paribus), the GPU configuration alone could approach breakeven, while the 

CPU configuration would still require a price increase of approximately 43% to achieve the same. The academic 

implication is that profitability in this scheme is acutely sensitive to token price fluctuations, positioning the activity 

closer to a fixed-cost speculative operation than a stable revenue source. This aligns with findings from [25] and [26], 

who emphasized the conditional nature of cryptocurrency mining profitability under prevailing market conditions. 

D. Environmental Analysis: Carbon Footprint Estimation 

Table 7. Estimated Carbon Footprint of Mining Activity 

Parameter Value Unit Notes 

Monthly Energy Consumption 133.2 kWh Total CPU + GPU (24 h × 30 days) 

Indonesian Electricity Emission 

Factor 

0.70 kg CO₂/kWh Based on DJK data (2020) 

Estimated Monthly Carbon 

Emissions 

93.24 kg CO₂/month 133.2 × 0.70 = 93.24 kg CO₂ 

Annualized Emission Equivalent 1,118.88 kg CO₂/year If operations continue for 12 months 

Equivalent Gasoline 

Combustion 

~474 liters Indicative estimate based on standard 

conversion factors 

Emission per Mining Unit 10.36 kg CO₂/month/unit Average per computer (9 units) 

Source: Author's calculations. Emission factor referenced from [34]. Fuel conversion is indicative. 

Table 7 quantifies the environmental burden of the mining operation using Indonesia's national average grid 

emission factor of 0.70 kg CO₂/kWh [34]. The combined configuration generated an estimated 93.24 kg CO₂ per 

month, corresponding to an annualized footprint of 1,118.88 kg CO₂—equivalent to approximately 474 liters of 

gasoline combustion. On a per-unit basis, each of the nine mining computers contributed an average of 10.36 kg CO₂ 

per month. These figures partially confirm Hypothesis H3: while the absolute monthly emission of 93.24 kg CO₂ may 

appear modest in isolation, the interpretation changes substantially when considered in terms of scalability and 

operational duration. A ten-fold replication of this configuration would yield approximately 932 kg CO₂ per month—

comparable to a small industrial process. Moreover, if operations were sustained for a full year, the annualized 

footprint approaches the total annual emissions of a small household in a high-income country. 

The primary academic implication of this analysis aligns with the arguments advanced by [30] and [28]: 

environmental impact assessment of PoW mining is relevant at all scales and must account for the emission intensity 

of the local grid. The Indonesian emission factor of 0.70 kg CO₂/kWh—reflecting a grid still heavily dependent on 

fossil fuels—amplifies the environmental cost compared to locations with lower-carbon energy mixes. Transitioning 

even a portion of the energy supply to renewable sources (e.g., solar panels) could reduce both environmental burden 

and operating costs simultaneously, as explored in the optimization matrix (Table 8). 

E. Hypothesis Verification Summary 

Based on the results presented in Sections 4.1–4.4, the four research hypotheses are evaluated as follows. 

Hypothesis H1 (GPU superior in H/W efficiency) is confirmed: GPU units achieved ~208 H/W versus ~46 H/W for 

CPU units, a 4.5× advantage. Hypothesis H2 (no positive profitability under common configurations) is confirmed: 

the combined configuration yielded a monthly deficit of IDR 38,120, representing a −21.8% margin. Hypothesis H3 

(small-scale mining generates proportionally significant carbon footprint) is partially confirmed: monthly emissions 

of 93.24 kg CO₂ are moderate in absolute terms but become environmentally significant at scale and over extended 

periods. Hypothesis H4 (configuration optimization and scheduling can measurably improve efficiency and 

profitability) remains to be tested: the proposed strategies in Table 8 are theoretically grounded but have not yet been 

validated through a separate experimental design. 
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F. Optimization Strategy Matrix 

Table 8. Cryptocurrency Mining Optimization Strategy Matrix 

No. Strategy Mechanism Expected Impact Timeline Priority 

1 Throttling & 

Power Limiting 

Reduce GPU/CPU power 

limit via MSI Afterburner 

or BIOS settings 

Reduce power 

consumption by 15–30% 

with minimal hashrate 

reduction 

Short-

term 

High 

2 XMRig Huge-

Page 

Optimization 

Enable huge pages on OS; 

adjust thread and intensity 

parameters 

Increase CPU hashrate by 

10–20% without 

additional power draw 

Short-

term 

High 

3 Efficient GPU 

Upgrade 

Switch to newer GPU 

architecture (RTX 

3060/4060 or equivalent) 

with higher H/W ratio 

Improve H/W ratio by up 

to 2–3× compared to older 

mid-range GPUs 

Medium-

term 

Medium 

4 Green Mining 

(Solar Energy) 

Integrate solar panels as 

supplementary or primary 

energy source 

Reduce electricity cost 

and CO₂ emissions by 60–

80% 

Medium-

term 

Medium 

5 Price-Based 

Scheduling 

Monitor SHIB price and 

schedule mining during 

high-price or off-peak 

electricity periods 

Conditionally optimize 

profitability margin 

Short-

term 

Medium 

6 AI/Predictive 

Mining 

Use ML model to predict 

SHIB price and optimize 

operational scheduling 

Potential 20–40% 

profitability improvement 

in simulation (requires 

further validation) 

Long-

term 

Low/Advanced 

Source: Formulated by author based on empirical findings and literature review. 

Table 8 presents a structured six-strategy optimization matrix organized by mechanism, expected impact, 

implementation timeline, and priority level. The table reveals a clear hierarchy of intervention types: strategies 1 and 

2 (throttling and XMRig huge-page configuration) offer the highest priority as they can be implemented immediately 

at near-zero additional cost and are expected to reduce power consumption by 15–30% and increase CPU hashrate by 

10–20%, respectively. These represent the most actionable recommendations for individual-scale operators. Strategies 

3–5 require either capital investment (GPU upgrade, solar installation) or operational adjustments (price-based 

scheduling) and are therefore positioned as medium-term interventions. Strategy 6—AI/predictive mining—is 

identified as a long-term research agenda rather than a proven optimization, as the projected 20–40% profitability 

improvement is based on simulation rather than empirical validation within this study. The implication for the 

research's objective is that near-term optimization can meaningfully shift the profitability margin from −21.8% toward 

a lower deficit, but achieving breakeven or surplus under current market conditions would likely require a combination 

of hardware upgrade, operational scheduling, and favorable SHIB price movement. 

Conclusion 

This study evaluated the operational feasibility of acquiring Shiba Inu (SHIB) tokens through the unMineable 

platform combined with XMRig mining software, assessed across technical, economic, and environmental dimensions 

over a 30-day observation period on nine computing units. 

From a technical perspective, GPU units achieved a relative efficiency of approximately 208 H/W under the 

KAWPOW/Ethash algorithm, compared to approximately 46 H/W for CPU units running RandomX—a 4.5-fold 

advantage in computational output per unit of power. Both device types maintained operating temperatures within the 

safe range of 65–75°C throughout the observation period. 

From an economic perspective, the combined CPU-GPU configuration consumed 133.2 kWh per month at an 

electricity cost of IDR 213,120, while generating approximately 1,250,000 SHIB tokens valued at IDR 175,000 at the 

assumed price of IDR 0.14 per token. This produced a net monthly deficit of IDR 38,120, corresponding to a 

profitability margin of −21.8%. Disaggregated analysis reveals that the CPU configuration carries a higher individual 

deficit margin (−42.6%) than the GPU configuration (−11.4%), reinforcing the GPU efficiency advantage in both 

technical and economic terms. 

From an environmental perspective, the mining operation generated an estimated 93.24 kg CO₂ per month (10.36 

kg CO₂ per unit), equivalent to an annualized footprint of 1,118.88 kg CO₂—approximately 474 liters of gasoline 
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combustion equivalent. Although modest in absolute terms, this footprint scales proportionally with operational 

expansion and duration, and is amplified by Indonesia's grid emission factor of 0.70 kg CO₂/kWh. 

These findings collectively confirm that mining evaluation cannot rely solely on hashrate or computational speed. 

Operational viability is determined by the interplay between device performance, cost structure, payout mechanisms, 

and environmental burden. The primary contribution of this study is a replicable multidimensional evaluation 

framework—incorporating six quantitative formulas and a structured optimization matrix—applicable to individual-

scale PoW mining operations using non-native token payout schemes. Near-term optimization through GPU power 

throttling and XMRig huge-page configuration is recommended as the most actionable intervention to reduce the 

observed deficit, while renewable energy integration and advanced predictive scheduling represent promising 

directions for future research. 
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