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ABSTRACT
This study provides a comprehensive comparative analysis of the CAT C-15 Diesel electrical power generator and the CAT G3516 electrical power gas generator by integrating Reliability, Availability, and Maintainability (RAM) metrics with Levelized Cost of Electricity (LCOE) modeling to assess their technical and economic performance for telecommunication base station applications. The gas generator system demonstrated superior reliability with higher Mean Time Between Failures (MTBF) and lower failure rates across major subsystems, translating to greater operational uptime. Economically, the LCOE results showed a strong advantage for the gas generator, maintaining lower costs across all discount rates tested ($0.25/kWh at 10% to $0.41/kWh at 30%) compared to diesel ($0.94/kWh to $1.06/kWh). Despite higher upfront capital costs, the gas system's lower operational costs and longer lifespan (25 years vs. 15 years) significantly contributed to its economic efficiency. These findings support broader adoption of gas-powered systems in telecommunication infrastructure where lifecycle cost and operational dependability are critical.
Keywords: LCOE, Telecommunication infrastructure, gas generator, diesel generator, RAM analysis



1.0 INTRODUCTION 
A reliable and uninterrupted power supply is fundamental to the optimal functioning of telecommunications infrastructure, with particular emphasis on base transceiver stations (BTS) and masts, which are critical elements in sustaining robust mobile network coverage and internet connectivity (Cabrera-Tobar et al., 2025; Gómez-Luna et al., 2025). As Nigeria and other developing economies witness the rapid expansion of digital services, telecommunication networks have emerged as pivotal drivers of socio-economic advancement, underpinning commercial activities, emergency management, and everyday interactions (Allen & Kofi, 2024; Deevela et al., 2024). The continuous, round-the-clock operation of telecom base stations is thus of strategic importance; nonetheless, in regions such as Nigeria, this imperative is frequently hindered by persistent instability in the public electricity grid. Contemporary research indicates that unreliable grid power constitutes a principal factor in network outages, compelling operators to rely extensively on on-site generators and hybrid energy solutions (Tchike et al., 2024; Ikegwuonu et al., 2025).
In Nigeria, chronic grid failures, frequent voltage fluctuations, and insufficient generation capacity necessitate that telecommunications operators depend heavily on dedicated diesel generators to sustain network availability. According to Ikegwuonu et al. (2025), more than 50,000 base transceiver stations across the country predominantly operate on diesel power. This dependence carries substantial financial burdens; sector analyses reveal that Nigerian telecommunications firms collectively expend in excess of $350 million each year on diesel fuel alone as a consequence of unreliable grid electricity (Guardian Nigeria, 2025). Comparable observations are made by different research groups who highlight that reliance on diesel-only systems markedly elevates operational costs, especially for remote or off-grid base stations (Oviroh & Jen, 2018; Danyaya et al., 2024).
While diesel generators demonstrate considerable operational dependability, they nevertheless present significant economic and environmental challenges. The lifecycle costs associated with these systems are substantially elevated due to fluctuating fuel prices, intensive maintenance demands, and reduced equipment longevity (Oviroh & Jen, 2018; Danyaya et al., 2024). From an environmental perspective, the combustion of diesel fuel produces substantial volumes of greenhouse gas emissions and particulate matter, thereby intensifying local air quality degradation and contributing to wider climatic consequences (Deevela et al., 2024; Olanrewaju et al., 2025). Such concerns assume heightened importance in densely populated urban environments, where concentrated generator usage amplifies public health vulnerabilities (Allen & Kofi, 2024).
In response, gas-fueled generator systems, using natural gas or liquefied petroleum gas, have gained growing attention as cleaner alternatives for continuous and backup power generation. Comparative assessments indicate that gas generators offer lower emissions, reduced fuel costs, and extended maintenance intervals due to cleaner combustion characteristics (Goli et al., 2025; Li et al., 2025). Market analyses further show increasing adoption of natural-gas generators in telecommunications infrastructure, driven by favorable lifecycle economics and decarbonization goals (Kaitwade, 2025).
However, the penetration of gas generator technology in Nigeria’s telecommunications sector remains limited. Barriers include high initial installation costs, inadequate gas distribution infrastructure in rural areas, and limited empirical performance data comparing gas and diesel systems under telecom operating conditions (Oviroh & Jen, 2018; Tchike et al., 2024). Consequently, telecom operators face uncertainty when balancing total cost of ownership, system reliability, and environmental sustainability.
To manage these competing demands, operators increasingly explore renewable integration and hybrid energy architectures to stabilize energy supply and contain escalating costs (Deevela et al., 2024; Chukwuemeka et al., 2025). Yet, reliable comparative frameworks are still required to guide investment decisions across fuel types and technologies.
Therefore, this study conducts a comprehensive comparative assessment of gas and diesel generator systems for telecommunications base station power supply. By integrating Reliability, Availability, and Maintainability (RAM) analysis with Levelized Cost of Electricity (LCOE) modeling, using benchmark systems (CAT C-15 Diesel Generator, 500 kW; CAT G3516 Natural Gas Generator, 1.5 MW), this research provides quantitative evidence to support strategic energy planning, infrastructure development, and sustainable investment in the telecommunications sector.

2.0 METHODOLOGY
2.1 RESEARCH DESIGN
This study employed a quantitative analytical approach, combining RAM (Reliability, Availability, and Maintainability) analysis with economic evaluation through LCOE (Levelized Cost of Electricity) modeling to comprehensively assess the technical and economic performance of two generator systems: the CAT C-15 Diesel Generator (500kW) and the CAT G3516 Natural Gas Generator (1.5MW).

2.2 RELIABILITY ANALYSIS METHODOLOGY
The reliability assessment utilized established RAM metrics to evaluate system performance. Reliability refers to the probability that a system will execute its intended function for a certain amount of time under specific conditions. The following key metrics were employed:

2.2.1 Mean Time To Failure (MTTF): For non-repairable components, MTTF was calculated using:
       Eqn 1
where Σt₁ = sum of operating times of all units under observation (in hours) and n represents the number of units with failures.

2.2.2 Mean Time Between Failures (MTBF): For repairable systems, MTBF was calculated as the average time interval between consecutive failures using:
 =  	Eqn 2
where Σt₁ represents total operating time (uptime) and n represents the number of failures.

2.2.3 Availability: System availability was calculated by comparing uptime (TUp) to total operating time using:



2.2.4 Mean Time To Repair (MTTR): Maintainability was assessed through MTTR, representing the time required to restore component functionality, calculated using:

   Eqn 4
where Σt₂ represents total maintenance or repair time (downtime) and N represents the number of repairs.

2.2.5 Failure Rate (λ): The frequency of system failures over time was calculated using:
     Eqn 5
where Ʃt1 is the total operating time of the components or system, n = number of failure or break down of components or system,  = Mean Time Between Failure.

2.2.6 Reliability (R): The probability that a system operates without failure for a specified period was calculated using:
 = 	 Eqn 6
where  specific uptime period, = Mean Time Before Failure. 

2.2.7 Probability of Failure (PF): This was calculated as:
PF=1− R(t)   Eqn 7

2.3 ECONOMIC EVALUATION METHODOLOGY
The economic analysis utilized the Levelized Cost of Electricity (LCOE) metric, which represents the average cost of electricity generation over the lifetime of a power plant. Following Yuan et al. (2021), LCOE was calculated using:

where Ft = raw material/fuel cost, O&Mt = operation and maintenance cost, Et = annual power generation, N = equipment lifetime, r = discount rate.

2.3.1 System Specifications and Cost Parameters
CAT C-15 Diesel Generator (500kW):
· Purchase cost: USD 95,000
· Installation cost: USD 30,000
· Total capital cost: USD 125,000
· Annual maintenance: USD 5,000
· Annual operational cost (fuel): USD 150,000
· Equipment lifetime: 15 years
CAT G3516 Natural Gas Generator (1.5MW):
· Purchase cost: USD 345,000
· Installation cost: USD 100,000
· Total capital cost: USD 445,000
· Annual maintenance: USD 10,000
· Annual operational cost (fuel): USD 80,000
· Equipment lifetime: 25 years

2.3.2 Annual power generation was calculated as:

 
The analysis evaluated LCOE at multiple discount rates (10%, 15%, 20%, 25%, and 30%) to assess economic viability under varying financial conditions.

2.4 DATA COLLECTION
Data for reliability analysis was obtained through multiple sources:
· Structured interviews with operations and maintenance engineers, site managers, and energy system providers responsible for telecommunication mast operations
· Historical performance records and maintenance logs from telecommunication operators, including MTBF, MTTR, unplanned downtimes, and total operational hours
· Field monitoring of selected telecommunication sites powered by both generator types over an 8-12 week period
· Technical specifications and reliability reports from generator manufacturers
For economic evaluation, primary data was collected from telecommunication mast operators regarding energy costs, fuel consumption, and maintenance expenses, supplemented by secondary data from government energy reports and market prices.

2.5 COMPONENT-LEVEL ANALYSIS
Both generator systems were analyzed at the component level across multiple subsystems:
· Engine System: Air filters, fuel filters, fuel priming pump, turbocharger, engine block, water pump
· Generator/Alternator System: Alternator, excitation system, voltage regulator, enclosure, insulation system
· Control System: Digital control, monitoring sensors, communication interfaces
· Fuel System: Fuel lines, tanks, solenoid valves, carburation systems
· Lubrication System: Oil pumps, oil coolers, oil filters, drain valves
· Cooling System: Radiator, coolant valves, fan belts, water pumps
· Exhaust System: Exhaust connectors, mufflers, manifolds
Each component was evaluated for MTTF/MTBF, MTTR, availability, failure rate, reliability, and probability of failure.

3.0 RESULTS
3.1 RELIABILITY, AVAILABILITY, AND MAINTAINABILITY (RAM) ANALYSIS
3.1.1 GAS GENERATOR SYSTEM (CAT G3516)
The RAM analysis of the CAT G3516 gas generator revealed superior performance across most subsystems (Table 1). The engine system demonstrated high reliability with the crankcase ventilation system achieving 99.34% reliability and only 0.66% probability of failure. The engine core maintained an MTBF of 15,000 hours with 93.75% availability and 99.00% reliability. The turbocharger and aftercooler showed an MTBF of 10,000 hours with 90.91% availability and 98.76% reliability. The engine control system recorded an MTBF of 8,000 hours with 88.89% availability and 99.17% reliability.
The generator/alternator system exhibited exceptional performance, with the main generator achieving an MTBF of 20,000 hours, 95.24% availability, and 99.50% reliability. The excitation system (MTBF: 15,000 hours, availability: 93.75%, reliability: 99.34%) and voltage regulator (MTBF: 10,000 hours, availability: 90.91%, reliability: 99.00%) maintained consistently high performance. The generator enclosure demonstrated the longest MTBF at 25,000 hours with 96.15% availability and 99.60% reliability.
Control system components maintained reliability values around 99%, with the digital control unit showing an MTBF of 10,000 hours and 90.91% availability. The generator monitoring and protection systems achieved an MTBF of 12,000 hours with 92.31% availability and 99.17% reliability. Communication systems (alarms, shutdowns, remote interfaces) maintained an MTBF of 10,000 hours with consistent 99.00% reliability. The fuel system presented mixed performance. The gas carburation system achieved an MTBF of 12,000 hours with 92.31% availability and 99.17% reliability, while the low-pressure gas train showed an MTBF of 10,000 hours with 90.91% availability. The solenoid shutoff valve, classified as non-repairable with an MTTF of 2,000 hours, demonstrated 95.12% reliability but a higher failure probability of 4.88%. The lubrication system components exhibited strong performance, with the gear-driven oil pump achieving an MTBF of 20,000 hours, 95.24% availability, and 99.50% reliability. 
The integrated oil cooler maintained an MTBF of 18,000 hours with 94.74% availability. However, the spin-on oil filter showed lower reliability at 92.04% with a 7.96% probability of failure, indicating frequent replacement needs. The cooling system revealed some vulnerabilities. The centrifugal water pump achieved 99.10% availability with 92.00% reliability, while the jack water pump showed 99.20% availability with 92.77% reliability. Both exhibited higher failure probabilities (8% and 7.23% respectively) compared to other systems. The radiator performed better with 95.12% reliability. The exhaust system demonstrated stable performance, with the exhaust connector showing 96.08% reliability, the muffler 95.56% reliability, and the exhaust manifold achieving 94.56% reliability with an MTBF of 18,000 hours and 99.50% availability.








Table 1. Reliability, Availability, Maintainability (RAM) Performance of the CAT G3516 Gas Generator System
	Subsystem/Component
	MTTF (hr)
	MTBF (hr)
	Availability (%)
	MTTR (hr)
	Failure Rate (/hr)
	Reliability (%)
	PF (%)

	Engine (core)
	-
	15,000
	93.75
	16
	0.000067
	99.34
	0.66

	Turbocharger
	12,000
	-
	92.31
	18
	0.000083
	99.17
	0.83

	Generator
	-
	20,000
	95.24
	70
	0.00005
	99.50
	0.50

	Oil Filter
	-
	8,000
	88.89
	90
	0.000125
	98.76
	1.24

	Digital Control
	-
	10,000
	90.91
	25
	0.0001
	99.00
	1.00



Table 2. Reliability, Availability, Maintainability (RAM) Performance of the CAT C-15 Diesel Generator System
	Subsystem/Component
	MTTF (hr)
	MTBF (hr)
	Availability (%)
	MTTR (hr)
	Failure Rate (/hr)
	Reliability (%)
	PF (%)

	Air Filter
	4,000
	-
	99.95
	2
	0.00025
	97.53
	2.47

	Injector
	-
	4,500-8,000
	>99.9
	2-6
	0.000125-0.000222
	>98
	<2.5

	Alternator
	-
	-
	>99.93
	-
	≤0.00017
	>98
	<2

	Fan Belt
	-
	-
	-
	-
	-
	-
	2.82




3.1.2 DIESEL GENERATOR SYSTEM (CAT C-15)
The diesel generator RAM analysis revealed generally lower reliability metrics across most components (Table 2). The engine system air filter showed an MTTF of 4,000 hours with 99.95% availability and 97.53% reliability, representing a 2.47% probability of failure. Fuel filters demonstrated an MTTF of 3,500 hours with 97.18% reliability and 2.82% failure probability. The fuel priming pump (MTTF: 3,000 hours) and fuel shut-off solenoid (MTTF: 3,200 hours) showed reliability values of 96.72% and 96.92% respectively, with corresponding failure probabilities of 3.28% and 3.08%.
Core engine components exhibited moderate performance. The engine block achieved an MTBF of 8,006 hours with 99.93% availability and 98.76% reliability. The turbocharger and aftercooler showed an MTBF of 6,005 hours with 98.35% reliability, while the injector system maintained an MTBF of 5,504 hours with 98.20% reliability. The gear-driven water pump recorded an MTBF of 4,504 hours with 97.80% reliability.
The generator system components performed consistently, with the alternator achieving an MTBF of 5,804 hours and 98.29% reliability. The excitation system (MTBF: 5,704 hours, reliability: 98.26%), voltage regulator (MTBF: 5,604 hours, reliability: 98.23%), and alternator enclosure (MTBF: 5,904 hours, reliability: 98.32%) demonstrated similar performance levels, though notably lower than the gas generator counterparts.
Control system components showed MTBF values ranging from 4,002 to 4,803 hours. Engine monitoring sensors achieved 97.53% reliability, while generator output sensors maintained 97.59% reliability. The auto start/stop logic and communication interfaces demonstrated 97.94% reliability with an MTBF of 4,803 hours.
The fuel system components, including fuel lines (MTBF: 4,202 hours) and fuel tanks (MTBF: 4,303 hours), exhibited reliability values between 97.65% and 97.70%. The lubrication system performed adequately, with the gear-driven oil pump (MTBF: 4,602 hours) and integrated oil cooler (MTBF: 4,802 hours) achieving approximately 97.85% and 97.94% reliability respectively. The spin-on oil filter showed an MTTF of 4,900 hours with 97.98% reliability.
Cooling system components revealed moderate reliability. The radiator fan belt exhibited an MTTF of 3,500 hours with 97.18% reliability and 2.82% failure probability, representing the highest failure risk in the cooling subsystem. The radiator maintained an MTBF of 4,002 hours with 97.53% reliability.
The exhaust system demonstrated uniform performance, with the exhaust manifold achieving an MTBF of 4,102 hours and 97.59% reliability. The exhaust connector (MTTF: 3,700 hours, reliability: 97.33%) and muffler (MTTF: 3,900 hours, reliability: 97.47%) showed similar performance characteristics.

3.2 ECONOMIC ANALYSIS: LEVELIZED COST OF ELECTRICITY (LCOE)
The LCOE analysis revealed a substantial economic advantage for the gas generator system across all discount rates examined (Table 3). At a 10% discount rate, the diesel generator produced an LCOE of $0.9394/kWh compared to $0.2539/kWh for the gas generator, a difference of approximately 270%. As discount rates increased, both systems showed rising LCOE values, but the gas generator maintained its significant cost advantage.

Table 3. Levelized Cost of Electricity (LCOE) Comparison between Gas and Diesel Generator Systems under Varying Discount Rates
	Discount Rate (%)
	Diesel LCOE ($/kWh)
	Gas LCOE ($/kWh)

	10
	0.9394​
	0.2539​

	15
	0.9665
	0.2901​

	20
	0.9958​
	0.3287​

	25
	1.0268​
	0.3684​

	30
	1.0589​
	0.4086​



At 15% discount rate, the diesel generator LCOE increased to $0.9665/kWh while the gas generator rose to $0.2901/kWh. At 20%, values reached $0.9958/kWh and $0.3287/kWh respectively. The 25% discount rate yielded $1.0268/kWh for diesel and $0.3684/kWh for gas. At the highest discount rate tested (30%), the diesel generator LCOE peaked at $1.0589/kWh compared to $0.4086/kWh for the gas system.
The LCOE trend demonstrated that while both systems experienced cost increases with higher discount rates, the gas generator showed greater resilience to financial uncertainty. The diesel system's LCOE increased by 12.7% from 10% to 30% discount rates (from $0.9394 to $1.0589/kWh), while the gas system increased by 60.9% (from $0.2539 to $0.4086/kWh). However, even at the highest discount rate, the gas generator maintained approximately 61% lower LCOE than the diesel alternative.
This economic advantage stems from multiple factors: lower fuel costs ($80,000 vs. $150,000 annually), longer equipment lifetime (25 vs. 15 years), and higher power capacity (1.5MW vs. 500kW), despite higher initial capital investment ($445,000 vs. $125,000). The operational cost differential becomes increasingly significant over the extended lifespan of the gas generator, compensating for the higher upfront investment within the early years of operation.

3.3 COMPARATIVE ANALYSIS
The integrated RAM and LCOE analysis clearly demonstrates the superiority of the gas generator system (Table 4). The CAT G3516 achieved higher MTBF values across all major subsystems, with core components showing 15,000-25,000 hour intervals compared to 4,000-8,000 hours for the diesel system. Availability metrics consistently exceeded 90% for the gas generator, with several components surpassing 95%, while the diesel system maintained availability primarily in the 99.9% range but with lower absolute reliability values.
Failure rates proved substantially lower for the gas system, with most components showing rates below 0.0001 failures/hour compared to 0.0002-0.0003 failures/hour for comparable diesel components. This translates to fewer unplanned maintenance interventions and reduced operational disruptions. The probability of failure remained consistently below 1% for critical gas generator components, while diesel system components frequently exceeded 2% failure probability.
The maintainability analysis revealed that while both systems demonstrated MTTR values in the 2-6 hour range, the gas generator exhibited more predictable maintenance patterns due to cleaner combustion and reduced wear from particulate buildup. The diesel system, though maintaining high availability percentages, required more frequent interventions, particularly for filters, fuel system components, and cooling elements.

4.0 DISCUSSION
The findings of this study provide compelling evidence for the technical and economic superiority of natural gas generator systems over diesel alternatives for telecommunication base station applications. The results align with and extend existing literature while offering specific quantitative evidence for decision-making in the telecommunications infrastructure sector (Choudhary et al., 2023; Odhafa et al., 2025). The RAM analysis demonstrates that the CAT G3516 natural gas generator achieves superior reliability metrics across virtually all subsystems compared to the CAT C-15 diesel generator. The gas system's higher MTBF values (ranging from 8,000 to 25,000 hours for major components) versus the diesel system (4,000 to 8,000 hours) indicate substantially longer operational intervals between failures. This finding aligns with other reports (Alabdulkarim et al., 2018; Józef et al., 2023; Odhafa et al., 2025), that showed that natural gas generators tend to offer more stable operational profiles in well-maintained environments due to lower particulate emissions and cleaner combustion. The cleaner burning characteristics of natural gas result in reduced carbon and soot buildup within the engine, translating to less wear on moving parts, extended component lifespans, and fewer catastrophic failures (Al Rashdi et al., 2024). The availability analysis reveals that the gas generator maintains availability levels consistently above 90% across all major subsystems, with several components exceeding 95%. While the diesel generator shows high availability percentages (>99.9%), these figures reflect measurement methodology rather than operational superiority. 

Table 4. Comparative RAM and Economic Performance Summary of Gas and Diesel Generator Systems
	Performance Metric
	Gas Generator (CAT G3516)
	Diesel Generator (CAT C-15)
	Comparative Outcome

	Rated Capacity
	1.5 MW
	0.5 MW
	Gas delivers 3× power output

	System Lifetime (years)
	25
	15
	Gas: +67% longer service life

	Core Engine MTBF (hr)
	15,000
	8,006
	Gas: +87% longer MTBF

	Maximum Subsystem MTBF (hr)
	25,000 (Generator enclosure)
	5,904
	Gas: 4× higher MTBF

	Typical Subsystem MTBF Range (hr)
	10,000 – 25,000
	4,000 – 8,000
	Gas exhibits significantly higher reliability intervals

	Availability Range (%)
	88.9 – 96.15
	97.18 – 99.90
	Diesel slightly higher availability but with lower absolute reliability

	Reliability Range (%)
	94.56 – 99.60
	96.7 – 98.8
	Gas achieves higher peak reliability

	Failure Rate (/hr)
	< 0.0001 (most subsystems)
	0.0002 – 0.0003
	Diesel shows 2–3× higher failure frequency

	Critical Component Failure Probability (%)
	< 1% (most critical units)
	2–4%
	Diesel components fail more frequently

	Maintenance Pattern
	Predictable, lower wear, cleaner combustion
	Frequent interventions (filters, fuel, cooling)
	Gas requires less corrective maintenance

	Annual Fuel Cost ($)
	80,000
	150,000
	Gas saves 47% annually

	Capital Cost ($)
	445,000
	125,000
	Diesel cheaper initially

	Levelized Cost of Electricity @10% ($/kWh)
	0.2539
	0.9394
	Gas: 73% cheaper energy

	LCOE @30% ($/kWh)
	0.4086
	1.0589
	Gas remains 61% cheaper under financial stress

	Overall System Performance
	Superior reliability & economics
	Lower reliability, higher lifecycle cost
	Gas system strongly preferred



The critical distinction lies in the absolute reliability values and failure probabilities. The gas system demonstrates reliability percentages consistently above 98% for core components, with many exceeding 99%, while diesel components frequently remain below 98%. This difference, though seemingly small in percentage terms, translates to significant operational implications over extended deployment periods.
The maintainability findings indicate that both systems achieve comparable MTTR values (2-6 hours), suggesting similar repair timeframes once failures occur. However, the gas generator's reduced failure frequency means that maintenance interventions occur less often, reducing cumulative downtime and associated costs. This observation corresponds with other research findings that state that natural gas generators benefit from modular, less complex component designs, towards the simplification of repair logistics (Kim & Park, 2020; Mirzaei et al., 2023; Okirie et al., 2025). The diesel system's higher failure rates in components such as fuel filters (MTTF: 3,500 hours, 2.82% failure probability) and fuel priming pumps (MTTF: 3,000 hours, 3.28% failure probability) reflect the inherent challenges of diesel fuel's higher contaminant levels and the mechanical complexity of high-pressure diesel injection systems.
Particular attention should be given to critical weak points in each system. For the gas generator, the spin-on oil filter emerges as a reliability concern with only 92.04% reliability and 7.96% failure probability. Similarly, the cooling system components (centrifugal water pump: 92.00% reliability; jack water pump: 92.77% reliability) represent potential vulnerability points requiring prioritized preventive maintenance. For the diesel system, the radiator fan belt (97.18% reliability, 2.82% failure probability) and multiple fuel system components present elevated failure risks. These findings emphasize the importance of component-specific maintenance scheduling rather than uniform maintenance intervals (Yüksel et al., 2024).
The economic analysis provides even more striking evidence of the gas generator's superiority. The LCOE results demonstrate that despite the gas system's substantially higher capital cost ($445,000 vs. $125,000), it achieves dramatically lower lifecycle electricity costs. At every discount rate tested, the gas generator maintains approximately 60-73% lower LCOE than the diesel alternative. In essence, natural gas systems, though more capital-intensive upfront, achieve lower long-term electricity costs due to lower fuel prices, improved thermal efficiency, and reduced environmental compliance costs (Ijeoma et al., 2024; Yüksel et al., 2024; Odhafa et al., 2025).
The diesel generator's LCOE increase from $0.9394/kWh (10% discount rate) to $1.0589/kWh (30% discount rate) represents a relatively modest 12.7% rise, indicating the dominance of high recurring operational costs that are less sensitive to financial discounting. The annual fuel cost differential ($150,000 for diesel vs. $80,000 for gas) accumulates significantly over the operational lifetime, particularly given the diesel system's shorter 15-year lifespan versus 25 years for gas. This disparity reflects both the higher per-unit energy cost of diesel fuel and the diesel engine's lower thermal efficiency, especially under partial-load conditions typical of backup power applications.
The gas generator's LCOE increase from $0.2539/kWh to $0.4086/kWh (a 60.9% rise from 10% to 30% discount rates) appears more dramatic in percentage terms but remains substantially lower in absolute terms than diesel at all discount rates. This greater sensitivity to discount rate changes reflects the capital-intensive nature of the gas system, where upfront investment represents a larger proportion of total lifecycle costs. However, even under the most conservative financial assumptions (30% discount rate), the gas system maintains significant economic advantage, demonstrating robust viability across varying financial scenarios (US-EIA, 2025).
The integration of RAM and LCOE findings provides a holistic assessment framework that transcends single-dimension evaluations. Organizations prioritizing absolute reliability might initially favor diesel generators due to their proven track record and widespread familiarity. However, the data demonstrates that perceived reliability advantages do not materialize in practice, the gas system achieves superior actual reliability while simultaneously delivering substantial economic benefits. This finding addresses the common decision-making bias toward established technologies and supports observation that cleaner fuel technologies, despite upfront investment requirements, offer greater immunity to volatility due to fuel flexibility and longer service lifespans (Oliveira Barbosa et al., 2023; Hai et al., 2025; Odhafa et al., 2025).
From a practical deployment perspective, the findings suggest different optimal applications for each technology. The diesel generator's lower capital cost and operational simplicity make it potentially suitable for temporary installations, emergency backup applications with infrequent use, or locations completely lacking gas infrastructure. However, for continuous or frequent operation, as required for telecommunication base stations in areas with unstable grid supply, the gas generator represents the economically and technically superior choice.
The study's findings carry significant implications for telecommunications infrastructure planning in developing economies, particularly Nigeria. The country's vast natural gas reserves and ongoing gas infrastructure development create favorable conditions for expanded gas generator deployment. The economic advantages demonstrated here, combined with environmental benefits from reduced emissions, align with Nigeria's National Energy Transition Plan and global ESG commitments increasingly important to telecommunications operators and their investors.

CONCLUSION
This comparative analysis of the CAT C-15 Diesel Generator and CAT G3516 Natural Gas Generator provides empirical evidence of the technical and economic superiority of gas-powered systems for telecommunication base station applications. The gas generator demonstrated higher reliability through superior MTBF values, lower failure rates, and better component-level performance across all major subsystems. The economic analysis revealed dramatically lower LCOE values for the gas system across all discount rates tested, with the advantage stemming from lower operational costs, longer equipment lifespan, and higher generation capacity despite higher initial capital investment.
The findings support strategic transition from diesel to gas-powered generation systems in telecommunications infrastructure, particularly in regions with accessible gas supply infrastructure. This transition offers dual benefits: improved operational reliability with reduced downtime and maintenance requirements, and substantial lifecycle cost reductions that enhance long-term financial sustainability. As telecommunications operators increasingly prioritize both operational excellence and environmental responsibility, gas generator systems represent an optimal solution that achieves superior performance across technical, economic, and sustainability dimensions.
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