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ABSTRACT

This study presents critical insights into the potential of Compressed Natural Gas (CNG) as a cleaner and more sustainable alternative to conventional fuel (Petrol). Key findings indicate that transitioning to CNG could significantly reduce Nigeria's heavy reliance on imported Petrol, which currently stands at an average consumption of 50 million litres daily. This shift promises substantial economic savings—potentially around #17.791 trillion in annual consumption. It also offers a remarkable reduction in carbon emissions of 30.66 billion kg CO2/year per year, with projections suggesting a decrease of approximately 73% in daily CO2 emissions from the transportation sector. The emphasis on the environmental benefits of CNG should make stakeholders feel responsible and committed to the cause of sustainability.
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1.0	INTRODUCTION
It is a fact that energy is critical to modern life. Energy access is recognized as a science and technology (S&T) indicator of national economic development. Different sectors of the economy consume energy at different rates and quantities, with the identified leading consumers including the agricultural, industrial, transport and residential sectors. Leading energy sources include fossil fuels (oil and gas, coal, natural gas) and renewable sources (solar, wind, hydropower and geothermal). 
In Nigeria, energy plays a critical role in national development, with the leading energy-consuming economic sectors also being agricultural, industrial, transport and residential sectors. Available energy resources in Nigeria are fossil fuels (coal, crude oil and natural gas), biomass and renewable sources (hydro, wind and solar) (Jack et al., 2018; Ekeocha et al., 2020). Nigeria has been described as a country luxuriant in energy resources but indigent in energy commodities. The challenges in the energy sector include the high cost of utility, inadequate policy measures and ineffectual legal/regulatory procedures, limited infrastructure and technological capabilities, poor financial and economic structures, weak management, etc. (Bala, 2014; Oni & Adeyemo, 2016; Jack et al., 2018).
Fossil fuels are the primary source of energy in the various sectors of Nigeria's economy and, at the moment, practically the sole source for the transport sector. Nigeria's daily consumption of 50 million litres of Petrol is almost exclusively consumed by the transport sector (NMDPRA, 2023). Concerns accompany this energy consumption on its availability and accessibility, affordability, and environmental consequences. Public policy efforts by Nigeria to address the concerns of energy usage, especially in its transport sector, have recently included measures such as the development of alternative energy options such as biofuel and compressed natural gas (CNG) initiatives. These energy options are perceived as critical to the national aspirations for energy that is available, accessible, affordable, adequate, and eco-friendly. 
Natural gas is an odourless, colourless fossil gas consisting primarily (90% or more) of methane. Besides being a combustible, abundant, versatile, low-cost, efficient energy source, it is the cleanest conventional fuel, producing lower greenhouse gas emissions than oil and coal. Natural gas was formed from decomposing organic matter (plant and animal remains) under anaerobic conditions, compacted by extreme underground heat and pressure over millions of years. It is known as compressed natural gas (CNG) when compressed into less than 1% of its volume at standard atmospheric pressure (Igbojionu et al., 2019). CNG is primarily used for transportation instead of Petrol, diesel, and liquefied petroleum gas (LPG) by modifying traditional petrol/internal combustion engines. It is stored and distributed in cylindrical or spherical rigid containers at a pressure of 20-25 megapascals (2,900–3,600 psi; 200–250 atm).
Since the removal of fuel subsidies in June 2023, the price of Petrol has increased astronomically from about N 200 in May 2023 to over N 1100 today, leading to heightened transportation costs and significant pressure on the domestic economy and national development (Usigbe, 2023). Nigeria relies heavily on road transportation to move goods and services in the economy. Consequently, the utilization of CNG as transport fuel was argued as a cost-effective alternative with other substantial economic and environmental benefits such as energy security and job creation opportunities, as well as harmful emissions and pollutants reduction (Akinpelu et al., 2019; Ogunleye et al., 2020; Anderson, 2023). The potential of CNG to reduce fuel costs should make policymakers feel reassured and confident in its economic viability.
Nigerian policy measures to promote domestic CNG utilization include enacting the Petroleum Industry Act (PIA), the National Gas Expansion Programme (NGEP) and the Presidential Initiative on CNG (Pi-CNG), entailing functional incentives such as stimulating investments in the gas, infrastructure development (CNG refuelling stations and conversion centres), publicity on CNG advantages, and regulatory reforms for CNG industry growth (Usigbe, 2023). These efforts recognize the growing market potentials of the extant vast national natural gas proven reserves of about 206.53 trillion cubic feet (TCF) located onshore and offshore with a concentration in the Niger Delta region (Lawal & Adeoye, 2022; NMDPRA, 2023). Countries like India and Brazil have successfully implemented CNG technology to reduce fuel costs and environmental pollution (Ugolo et al., 2024).
Despite the domestic CNG industry's potential, premised on the increasing national population, rapid urbanization, the rising middle class, and increased household incomes, a critical limiting factor to its national deployment is the inadequate public understanding of the strategic benefits of CNG industry development, including operational efficiency, cost reduction, environmental sustainability, and expanded market share. 
This makes it imperative to provide a strategic assessment of the industry via a robust science policy analysis as critical policy intelligence for CNG sector policy development in Nigeria. The specifics of this policy intelligence entailed determining the equivalent CNG substitution for petrol utilization in the national transport sector and analyzing the financial cost and environmental viability of CNG utilization in the country.





2.0	METHODOLOGY
The study utilized an energy technology foresight framework based on strategic analysis for robust evidence-based decision-making. This framework is not for enabling the prediction of the future but rather is the process of creating the future desired (Yim, N. D). Its methods are qualitative (expert panels and genius forecasting), semi-quantitative (Delphi techniques and system/structural analysis) and quantitative (extrapolation, indicators, and modelling simulation), deployed individually or interactively (Yim, N. D). 
This makes it imperative to provide a strategic assessment of the industry via a robust science policy analysis as critical policy intelligence for CNG sector policy development in Nigeria. The specifics of this policy intelligence entailed determining the equivalent CNG substitution for petrol utilization in the national transport sector and analyzing the financial cost and environmental viability of CNG utilization in the country.
Achieving the first objective (determining the CNG equivalence to national transport petrol utilization) entailed obtaining data on total national petrol consumption per annum from the Nigerian Midstream and Downstream Petroleum Regulatory Authority (NMDPRA), petrol-to-CNG conversion factors from the International Energy Agency (IEA). The national population estimates were also obtained from the National Bureau of Statistics, while extant petrol consumption per capita was obtained from a research article. A ten-year projection model was developed from these data.
Achieving the second objective (analyzing the financial cost viabilities of CNG utilization) entailed obtaining the prices of Petrol and CNG from energy retail outlets in the country. The data obtained were projected over a 10-year timeframe and analyzed using appropriate engineering economics methods.
Achieving the third objective (analyzing the environmental viabilities of CNG utilization) entailed estimating carbon dioxide emissions from Petrol and CNG using appropriate conversion factors obtained from the International Energy Agency (IEA) and analyzing the data over the study period using material balance analysis.

3.0	RESULTS AND DISCUSSION
3.1	DETERMINING THE COMPRESSED NATURAL GAS (CNG) EQUIVALENCE TO NATIONAL
 TRANSPORT PETROL UTILIZATION

Estimated petrol consumption in Nigeria from 2024 to 2034 is 18.25 – 23.13 billion litres/year, estimated at 226.65 Billion Litres (Table 1). In replacing this petrol consumption with CNG, it was determined that the equivalent CNG demand would be 12.41 – 15.73 Megatonnes/year with a total estimation of 154.52 Megatonnes. This amount is highly minute compared to the proven reserves in Nigeria, estimated at 206 trillion cubic feet (14,038,900,000,000,000 kg or 14.039 Quadrillion kg or 14.039 trillion tonnes or 14,039 gigatonnes). Nigeria’s proven reserves are 90,855 times the estimated CNG consumption over the 10 years. This is a clear indicator of how huge the proven reserves are. 

The conversion from Petrol to CNG fuel is expected to create substantial financial savings for Nigerians over the next 10 years, as shown in this study (See Table .2). With total petrol costs at N 251.58 trillion and CNG costs at N 35.45 Trillion, the estimated fuel savings were N 216 trillion over the study's period. This is a considerable savings in fuel costs. The Table shows that total petrol costs were seven times the total costs for CNG.  





Table 1: ESTIMATED ANNUAL PETROL AND CNG DEMAND IN NIGERIA
	

	Population
(Mil)
	Annual Petrol Demand/capita (Litres)
	Annual Petrol Demand
 (Bil Litres)
	Potential Annual CNG Demand
(Megatonnes)

	2024
	232.68
	78.43
	18.25
	12.41

	2025
	238.26
	78.43
	18.69
	12.71

	2026
	243.98
	78.43
	19.14
	13.01

	2027
	249.84
	78.43
	19.59
	13.32

	2028
	255.83
	78.43
	20.07
	13.64

	2029
	261.97
	78.43
	20.55
	13.97

	2030
	268.26
	78.43
	21.04
	14.31

	2031
	274.70
	78.43
	21.54
	14.65

	2032
	281.29
	78.43
	22.06
	15.00

	2033
	288.04
	78.43
	22.59
	15.36

	2034
	294.96
	78.43
	23.13
	15.73

	TOTAL
	226.65
	154.12
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3.2	Analyzing the Financial Cost Viabilities of the Compressed Natural Gas (CNG) 
            Utilization

Table 2: THE ESTIMATED FINANCIAL COST VIABILITY OF THE CNG UTILIZATION
	
	Population (Mil)
	Annual Petrol Demand/capita (litres)
	Annual Petrol Demand 
(Bil Litres)
	Potential Annual CNG Demand
Megatonnes)
	Petrol Costs (Tril N)
	CNG Costs (Tril N)
	Cost Savings (Tril N)

	2024
	232.68
	78.43
	18.25
	12.41
	20.26
	2.85
	17.40

	2025
	238.26
	78.43
	18.69
	12.71
	20.74
	2.92
	17.82

	2026
	243.98
	78.43
	19.14
	13.01
	21.24
	2.99
	18.25

	2027
	249.84
	78.43
	19.59
	13.32
	21.75
	3.06
	18.69

	2028
	255.83
	78.43
	20.07
	13.64
	22.27
	3.14
	19.13

	2029
	261.97
	78.43
	20.55
	13.97
	22.81
	3.21
	19.59

	2030
	268.26
	78.43
	21.04
	14.31
	23.35
	3.29
	20.06

	2031
	274.70
	78.43
	21.54
	14.65
	23.91
	3.37
	20.55

	2032
	281.29
	78.43
	22.06
	15.00
	24.49
	3.45
	21.04

	2033
	288.04
	78.43
	22.59
	15.36
	25.08
	3.53
	21.54

	2034
	294.96
	78.43
	23.13
	15.73
	25.68
	3.62
	22.06

	TOTAL
	226.65
	154.12
	251.58
	35.45
	216.13






Using CNG instead of Petrol was also expected to have significant environmental benefits. Table 3 shows that total CO2 emissions using Petrol would be 521—29 million tonnes, while CNG would produce 423.83 million tonnes of CO2. Thus, emissions reductions were estimated to be 97.46 million tonnes of CO2, a substantial amount in emissions savings if actualized. This Table shows that CNG utilization as transport fuel was more environmentally advantageous than using Petrol.








3.3	ANALYZING THE ENVIRONMENTAL LIABILITIES OF THE CNG UTILIZATION
Table 3: THE ESTIMATED ENVIRONMENTAL VIABILITY OF THE CNG UTILIZATION
	
	Population
(Mil)
	Annual Petrol Demand/capita (Litres)
	Annual Petrol Demand
(Bil Litres)
	Potential Annual
CNG Demand
(Mt)
	Petrol:
CO2 Emissions (Mt)
	CNG: CO2 Emissions (Mt)
	CO2 Emissions Savings (Mt)

	2024
	232.68
	78.43
	18.25
	12.41
	41.97
	34.13
	7.85

	2025
	238.26
	78.43
	18.69
	12.71
	42.98
	34.94
	8.04

	2026
	243.98
	78.43
	19.14
	13.01
	44.01
	35.78
	8.23

	2027
	249.84
	78.43
	19.59
	13.32
	45.07
	36.64
	8.43

	2028
	255.83
	78.43
	20.07
	13.64
	46.15
	37.52
	8.63

	2029
	261.97
	78.43
	20.55
	13.97
	47.26
	38.42
	8.84

	2030
	268.26
	78.43
	21.04
	14.31
	48.39
	39.34
	9.05

	2031
	274.70
	78.43
	21.54
	14.65
	49.55
	40.29
	9.26

	2032
	281.29
	78.43
	22.06
	15.00
	50.74
	41.26
	9.49

	2033
	288.04
	78.43
	22.59
	15.36
	51.96
	42.25
	9.71

	2034
	294.96
	78.43
	23.13
	15.73
	53.21
	43.26
	9.95

	TOTAL
	226.65
	154.12
	521.29
	423.83
	97.46




4.0	CONCLUSION
This study indicates that using CNG in Nigeria's transportation sector holds immense potential for saving fuel costs, reducing greenhouse gas emissions and increasing energy security. The study provides critical policy intelligence for policymakers in Nigeria's energy sector to increase focus on the CNG alternative to transport fuels. It indicates that CNG could revolutionize the Nigerian transportation sector with the right strategies, leading to a cleaner and more sustainable future.
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