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ABSTRACT
The transport sector in Nigeria is a major contributor to greenhouse gas emissions and urban air pollution. This study investigates the contrasting trends in emissions from electric vehicles (EVs), hybrid-electric vehicles (HEV) and fossil fuel-powered vehicles in Nigeria. The objective of this paper is to explore the role of electric and hybrid vehicles as sustainable transportation options that contribute to emission reduction. It examines the environmental, economic, and technological implications of adopting these vehicles, with a specific focus on Nigeria. It also evaluates global best practices and how they can inform domestic policies and infrastructure development. Using recent data from the National Bureau of Statistics (NBS), International Energy Agency (IEA) and the World Bank, scholarly articles and industry sources, the study finds that emissions from EVs are declining, driven by increased adoption, government incentives, and rising public awareness of environmental issues and climate change mitigation. In contrast, emissions from fossil fuel vehicles continue to rise due to rapid growth in vehicle ownership, the prevalence of aging and inefficient vehicles, substandard fuel quality, and inadequate public transport infrastructure. The study concludes that while Nigeria’s efforts to promote EVs are yielding positive results, these gains risk being undermined unless systemic challenges in the broader transport sector are addressed. The paper recommends a comprehensive policy approach, including stronger EV incentives, improved fuel quality regulations, modern public transport investment and stricter emissions standards, to achieve sustained reductions in transport-related emissions. These findings contribute to the discourse on sustainable transportation pathways in developing economies.
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1.0 INTRODUCTION
[bookmark: _Hlk207363105]The removal of fuel subsidies and concerted efforts by various stakeholders have made the path towards sustainable transportation and reduced pollution seem promising. However, to effectively accelerate this transportation overhaul, policy and regulatory frameworks need to be adjusted (Okeagu, 2024). The global increase in vehicle ownership and use has led to a significant rise in greenhouse gas emissions, primarily carbon dioxide (CO₂), from the transportation sector. Furthermore, the Nigerian economy heavily depends on crude oil export, which generates about 90 percent of the total export earnings. This dependence implies that the country is far from decoupling its economy from petroleum resources. Nevertheless, there exist several opportunities for low-carbon energy sources for the transport sector. These include the use of biofuels (1.5 billion litres planned capacity), natural gas (187 trillion cubic feet), electrified transport coal (2.7 billion tons), or natural gas power generation sources (Oladayo, 2025). 

Unfortunately, Nigeria is yet to develop its biofuels programme. It’s vast deposits of natural gas makes incorporating Compressed Natural Gas (CNG) fueled vehicles into the transport sector feasible. This strategy has already been adopted in several European, South American, and Asian countries (National Bureau of Statistics - NBS, 2022). In addition, the energy transition to energy-efficient vehicles in Nigeria's transport system could be slow as about 60 % of the country's population still lives below the poverty line. Only about 55.4 % of the Nigerian population has access to electricity, which would also limit the rapid, widespread adoption of electric vehicles (World Bank, 2023). Electric vehicles (EVs) operate solely on electric power stored in rechargeable batteries, producing zero tailpipe emissions. 

On the other hand, hybrid vehicles combine the benefits of both electric motors and internal combustion engines, offering improved fuel efficiency and lower emissions compared to traditional vehicles. Plug-in hybrid electric vehicles (PHEVs), a subcategory of hybrids, can be charged via an external power source and run on electricity for shorter trips, thereby further reducing fuel consumption. Together, EVs and hybrid vehicles represent a significant shift in automotive technology, driving innovation in clean energy usage and efficient transport systems. Nigeria is the most populous country in Africa with the sixth largest population worldwide. Over the next three decades, the United Nations expects Nigeria’s population to increase from 216 million people to about 375 million (Ajao & Sadeeq, 2023). This will make Nigeria the fourth most populous country after India, China, and the United States.

Despite their numerous benefits, the adoption of electric and hybrid vehicles in Nigeria faces several challenges, including inadequate charging infrastructure, high initial purchase costs, limited public awareness and the dominance of fuel-powered used vehicles in the automobile market. However, with strategic policy interventions, public-private partnerships, and investments in clean energy, these obstacles can be overcome. The government’s role in creating a supportive regulatory environment, alongside private sector innovation, will be critical to ensuring the successful integration of EVs and hybrids into the national transport system.
In Nigeria, road transport dominates as the principal means of moving goods and people across the country and contributes significantly to the nation's GDP (2.7 %) among other sub-sectors. It is dominated by gasoline and diesel-powered internal combustion engines (ICE). Passenger transport constitutes the majority of road transport and is replete with privately owned cars of which and light commercial vehicles. The modal transport choice makes cars the highest GHG emitter and the target for de-carbonisation. In 2018, the number of road vehicles consisted of commercial (57.70 %), private (40.98 %), and Government and diplomatic (1.32 %) vehicles (Akujor., 2022).
As the world moves toward a low-carbon future, understanding and embracing cleaner transportation technologies will be essential for nations seeking to balance economic development with environmental responsibility. Despite growing awareness of climate change impacts and Nigeria’s commitment to the Paris Agreement, the country’s transport emissions continue to rise. The absence of significant penetration of EVs and HEVs in the Nigerian automobile market highlights a critical gap in policy, infrastructure, and public adoption. 

This paper explores the role of electric and hybrid vehicles as sustainable transportation options that contribute to emission reduction. It examines the environmental, economic, and technological implications of adopting these vehicles, with a specific focus on Nigeria. It also evaluates global best practices and how they can inform local policies and infrastructure development. 

The main objective of this paper is to examine the current state of transport-related emissions in Nigeria and to assess the potential of EVs and HEVs as sustainable transportation options. The paper will also identify barriers and drivers influencing the adoption of EVs and HEVs in Nigeria towards developing a policy-relevant framework/model for promoting sustainable vehicle adoption in Nigeria. 
The paper will attempt to provide answers to the following questions: What is the extent of emissions from Nigeria’s transportation sector? How can electric and hybrid vehicles contribute to emission reduction? What are the infrastructural and policy barriers to their adoption in Nigeria? What model or framework can guide Nigeria’s transition toward green mobility? This study will provide empirical insights for policymakers, urban planners, and environmental agencies on decarbonizing the transportation sector in Nigeria, thereby contributing to the discourse on sustainable development and green innovation.

2.0 LITERATURE REVIEW 
2.1 Conceptual Issues

Electric Vehicles (EVs)
Powered entirely by electric motors and rechargeable batteries. Key features of electric vehicles include Zero tailpipe emissions (for BEVs), lower operating costs (less fuel and maintenance), quiet and smooth driving experience. rechargeable batteries (lithium-ion is common). EVs emit no tailpipe pollutants and offer high energy efficiency. Examples of EVs include battery electric vehicles (BEVs) such as the Tesla Model 3 and Nissan Leaf. Battery electric vehicles (BEVs) are powered entirely by electricity stored in batteries, with no petrol or diesel engine, and they must be plugged into electric sources to charge. Electric Vehicles (EVs) and Hybrid Electric Vehicles (HEVs) have emerged as viable solutions for decarbonising the transportation sector globally. Their adoption is part of a broader commitment to sustainable development and achieving net-zero emissions by 2050. However, Nigeria lags behind in this transition, primarily due to infrastructural, policy, and economic barriers.

Hybrid Electric Vehicles (HEVs)
HEVs combine an internal combustion engine with an electric propulsion system. Unlike EVs, they do not require external charging; instead, they recharge their batteries through regenerative braking and the Internal Combustion Engine (ICE). Hybrid Electric Vehicles (HEVs) use both an electric motor and a petrol/diesel engine. The battery is charged by the engine and regenerative braking, not by plugging in. Examples include Toyota Prius, Honda Insight.

Plug-in Hybrid Electric Vehicles (PHEVs)
This combines an electric motor with a petrol/diesel engine. It can run on electricity alone for short distances and rechargeable by plugging in and also using the engine. Examples: Toyota Prius Prime, Mitsubishi Outlander PHEV. Plug-in Hybrid Electric Vehicles (PHEVs) offer a hybrid configuration with the added benefit of external battery charging. They can operate in all-electric mode for shorter distances and switch to gasoline engines for extended range.

Emission
Emission refers to the release or discharge of substances typically gases, particles, or energy into the environment, particularly into the atmosphere. In environmental and energy research, emissions often denote the output of greenhouse gases (GHGs) and air pollutants resulting from anthropogenic activities such as transportation, industrial processes, energy production, and agricultural practices. According to the Intergovernmental Panel on Climate Change (IPCC), emissions are quantified in terms of the mass of specific pollutants released over time, such as carbon dioxide (CO₂), methane (CH₄), and nitrous oxide (N₂O), all of which contribute significantly to global warming and climate change.

2.2 Empirical Review 
Empirical studies reveal that the adoption of EVs in Nigeria is minimal. Oduro, et al. (2022) noted a lack of charging infrastructure and policy incentives. Uzonwanne (2021) emphasized electricity unreliability as a major barrier. Nonetheless, the rising importation of hybrid vehicles (especially Toyota Prius and Camry hybrids) suggests growing consumer interest. Globally, countries like Norway, China, and Germany have implemented tax incentives, charging infrastructure, and strict emission regulations to boost EV sales. In 2023, EVs represented 18% of global car sales (IEA, 2023). According to the International Energy Agency (IEA), transportation accounts for nearly 24% of direct CO₂ emissions from fuel combustion. The growing trend to explore the vast potential of electric vehicles (EVs) stems from the urgent need to mitigate the substantial environmental impact caused by internal combustion engine cars. The quest for environmentally sustainable transport solutions has therefore intensified. Among these, Electric Vehicles (EVs) and Hybrid Electric Vehicles (HEVs) are widely promoted as alternatives to conventional internal combustion engine (ICE) vehicles. 

A pilot EV programme in Lagos by Stallion Group (Hyundai Kona) reported operational savings and positive user feedback, though scale-up has been limited (NESP, 2022). Also, Sterling Bank recently launched Nigeria’s first publicly available EV charging station in Lagos. In this context, the bank’s Group Head for Renewable Energy and Transportation, Olabanjo Alimi, in an interview with energytransition.org, a suite of renewable energy-powered transportation solutions, focuses on improving mobility services in Nigeria by providing affordable and cleaner transportation alternatives to petrol and diesel-powered vehicles (Farinloye, et al, 2024).

Agunbiade and Siyan (2020) assessed the Prospects of Electric Vehicles in the Automotive Industry in Nigeria and they opined that the proportion of EVs to total vehicle sales is growing significantly. This importance of EVs arose because of the need for efficient, clean and environmentally-friendly vehicles, given the need to shift away from reliance on wasting energy sources to power vehicles. They  therefore recommended the need for strong policy direction to chart the way forward and devoting resources to Research and Development of EVs.
According to Al-Alawi, et al. (2013), hybrid, plug-in hybrid and electric vehicles (HEVs, PHEVs, and EVs) are emerging automotive products that have the capability to increase vehicle fuel economy, but at an incremental purchase cost relative to conventional vehicles. In general, their reduced petroleum consumption and improved efficiency provides life cycle economic benefits to consumers, society, automakers, and policymakers. These stakeholders have sought to understand the role of HEVs, PHEVs, and EVs in the future vehicle fleets by estimating the diffusion rate of these technologies into the automotive marketplace. 

Shao, et al. (2025) in his research identified the pressing need to transition to sustainable energy systems in the road transport sector, a key contributor to greenhouse gas (GHG) emissions. The study addresses the gap in policy and technical frameworks for integrating intelligent transportation systems (ITS) and renewable energy solutions in Nigeria's road transport sector. A multi-method approach, including literature review, data analysis, and scenario modelling, was used to evaluate the impacts of advanced vehicle technologies, organizational management practices, and alternative energy systems, such as hydrogen and biogas. Key findings reveal the potential of smart traffic systems, flexible fuel substitution programmes, and urban planning reforms to optimize economic and environmental outcomes. This research underscores the significance of technological advancements, efficient management practices, and a transition to renewable energy to meet Nigeria's growing transport demands sustainably. The results provide actionable insights for policymakers to enhance Nigeria's sustainable transport frameworks, contributing to the global agenda for reducing GHG emissions and achieving energy security in U.S.A. 

According to the National Bureau of Statistics (NBS, 2024), there were about 11.8 million vehicles in Nigeria in 2018. Nigeria’s recently launched ETP aims at lowering transportation emissions and achieving 10% biofuel blends by 2030 and 100% electric vehicles by 2060. Compared to conventional fuel-powered mobility, electric mobility (E-Mobility) is a viable option for decreasing transport-related greenhouse gas (GHG) emissions due to the absence of a CO2-emitting combustion engine. Another study employed a bottom-up modelling framework to examine a set of scenarios to generate insights on the techno-economic and environmental implications of increasing levels of electric vehicle (EV) penetration using Nigeria as a case study. Results indicate that, despite Nigeria having a natural gas-dominated electricity system, the deployment of EVs can support the decarbonization of the transportation and power sectors but at a relatively high cost. 

The cost of EVs would need to drop by 40% to become cost-competitive. However, if variable renewable energy sources deliver the EVs power requirement with a bidirectional vehicle-to-grid (V2G) charging strategy, then the cost of EVs would need to decline by only 30%. Not all EVs need to participate in a V2G charging strategy in order to realize the full benefits of the strategy. Expanding renewables capacity leads to additional reduction in CO2 emission and decarbonization cost but at different magnitudes based on the charging strategy (Dioha, et al. 2022). 

Uzonwanne (2021) expects the removal of the fuel subsidy to “substantially” stimulate the electric mobility sector in Nigeria. Experts have also been calling for massive adoption of electric vehicles to replace fossil-based vehicles, eyeing e-mobility as a leading way to build sustainable cities while slashing pollution and carbon emissions. Environmental challenges, specifically air pollution, can further be reduced by 2-wheel vehicles that are powered by lithium batteries or electric bicycles and scooters available for ride-sharing and lease.

2.3 Theoretical Framework
This study is anchored on two complementary theoretical lenses: the Triple Bottom Line (TBL) Sustainability Theory and key Economic Theories such as Cost-Benefit Analysis (CBA) and Life Cycle Costing (LCC). The TBL framework enables a multidimensional assessment of electric and hybrid vehicles by examining their environmental, social, and economic implications. It provides a structure for analyzing how these vehicle technologies contribute to emission reductions, economic development, and public well-being.
Complementarily, CBA and LCC frameworks are used to evaluate the financial viability and long-term cost-effectiveness of these vehicles. These economic theories allow for a critical assessment of the trade-offs between upfront investments and future gains both for individuals and for national economies transitioning to sustainable transportation.
3.0 METHODOLOGY
The study uses analysis of transport emission data (2010–2022), fuel consumption, and vehicle registration trends. Content analysis was also employed in this study. Relevant data were sourced from the National Bureau of Statistics (NBS), International Energy Agency (IEA), World Development Indicators (WDI).

4.0 DATA ANALYSIS
Result And Discussion
4.1 Rising Emissions from Fossil Fuel Vehicles
The Nigerian transportation sector is heavily reliant on fossil fuels, with over 90% of vehicles running on petrol or diesel (NBS, 2022). Most vehicles on Nigerian roads are used imports, many exceeding 10 years in age. According to the International Council on Clean Transportation (ICCT, 2020), the average age of imported used cars is 11.2 years, contributing significantly to carbon monoxide (CO), nitrogen oxides (NOx), and particulate matter emissions. The World Bank (2021) estimates that Nigeria's transport sector contributes around 20% of total national greenhouse gas emissions, with urban transport being the most polluting.
Table 1 Transport Sector C02 Emissions
	[bookmark: _Hlk200082119]Transport Sector Mt C02
	Year
	Emission value

	1
	2010
	29.733

	2
	2011
	31.731

	3
	2012
	35.164

	4
	2013
	44.853

	5
	2014
	49.18

	6
	2015
	44.72

	7
	2016
	51.251

	8
	2017
	51.297

	9
	2018
	54.99

	10
	2019
	58.863

	11
	2020
	50.528

	12
	2021
	57.231

	13
	2022
	60.783


Source: International Energy Agency 2025

Figure 1 Emission Trends in Nigeria’s Transport Sector
Source: World Development Indicators (2025).
From Table 1 and Figure 1 above, between 2010 to 2022, Nigeria’s transport sector emissions rose from 29.733 MtCO₂ to over 70 MtCO₂. According to WDI (2025), the spike aligns with urbanization and increase in imported second-hand vehicles.
Table 2 Co2 emissions by sector in Nigeria
	Year
	Unit
	Transport
	Electricity and other heat Producer
	Other Energies

	2010
	Mt Co2
	29.733
	10.714
	9.049

	2011
	Mt Co2
	31.731
	11.571
	11.329

	2012
	Mt Co2
	35.164
	12.826
	12.008

	2013
	Mt Co2
	44.853
	14.504
	12.184

	2014
	Mt Co2
	49.18
	18.042
	12.714

	2015
	Mt Co2
	44.72
	19.478
	12.438

	2016
	Mt Co2
	51.251
	22.306
	12.969

	2017
	Mt Co2
	51.297
	14.075
	13.223

	2018
	Mt Co2
	54.99
	15.347
	12.322

	2019
	Mt Co2
	58.863
	14.647
	12.514

	2020
	Mt Co2
	50.528
	15.809
	11.655

	2021
	Mt Co2
	57.231
	16.275
	10.441

	2022
	Mt Co2
	60.783
	14.963
	9.458


Source: National Bureau of Statistics (2025),
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[bookmark: _Hlk200088534]Figure 2 Evolution of Co2 emissions by sector in Nigeria

From the Figure 2 and Table 2 above, between 2010 to 2022, Nigeria’s transport sector emissions rose from 29.733 Mt CO₂ to over 70 Mt CO₂ while electricity emission have a sharp decrease after 2015, declining Emissions from Electric Vehicles (EVs). Research indicates that emissions from electric vehicles (EVs) in Nigeria are declining. According to Nwachukwu and Alabi (2024), the adoption of EVs has led to measurable reductions in urban air pollution in Lagos and Abuja, with their study noting that EVs contribute "zero direct tailpipe emissions, significantly improving localized air quality". The concern is to move Nigeria to electricity and other energy industry as the graph shows that the combined emissions from these two sources is lower than that of fossil fuel.
Conversely, the data shows that emissions from fossil fuel-powered vehicles are on the rise. The National Bureau of Statistics (2024) also reports that Nigeria’s vehicle population has been increasing at approximately 12% annually. Much of this growth is driven by the importation of used vehicles, many of which are older models with poor fuel efficiency and outdated emissions controls. Another contributing factor is poor fuel quality. Adebayo (2025) argue that "in the absence of reliable, affordable public transport options, the majority of Nigerians rely on private vehicles and commercial minibuses, most of which run on high-emission fossil fuels". This reliance increases both traffic congestion and overall transportation-related emissions.


5.0 CONCLUSION AND RECOMMENDATIONS
5.1 Conclusion

While Nigeria’s efforts to reduce transportation emissions through the promotion of electric vehicles are yielding promising results, these gains are being offset by the rapid expansion of an aging, fossil fuel-dependent vehicle fleet and persistent issues with fuel quality and public transport infrastructure. Without comprehensive interventions, the net environmental benefits of EV adoption may be limited. The findings of this study suggest that for Nigeria to achieve meaningful and sustained reductions in transport-related emissions, a multifaceted policy approach is needed which must be one that addresses both the opportunities and the structural challenges identified in this research. 

Electric and hybrid vehicles (EVs and HEVs) offer sustainable transportation solutions by significantly reducing greenhouse gas emissions and air pollutants compared to conventional fossil-fuel vehicles. Powered by electricity or a combination of electricity and fuel, these vehicles improve energy efficiency and decrease reliance on oil. In countries like Nigeria, adopting EVs and HEVs can help combat urban air pollution, mitigate climate change impacts, and support global decarbonization goals. However, challenges such as high upfront costs, limited charging infrastructure, and energy grid capacity must be addressed. Promoting supportive policies and investments can accelerate the transition to cleaner, more sustainable transportation systems. 

The transition to electric and hybrid vehicles is not just a technological advancement but also a strategic component of many national and international policies aimed at combating climate change. Countries across Europe, Asia, and the Americas are implementing stringent emission regulations and offering incentives to promote the adoption of these sustainable vehicles. In developing countries like Nigeria, where urbanisation and population growth are rapidly increasing the demand for transportation, adopting electric and hybrid vehicles could be a transformative step toward reducing urban air pollution, improving public health, and achieving long-term climate objectives.

5.2 Recommendations

Based on the findings of this study, the following policy recommendations are proposed:
1. Strengthen EV Incentives: Expand fiscal incentives such as tax rebates and import duty waivers for EVs and their components. Provide targeted subsidies to make EVs affordable for a broader segment of the population.
2. Invest in Charging Infrastructure: Accelerate the development of a nationwide network of reliable and affordable EV charging stations, particularly along major transport corridors and within urban centers.
3. Implement Vehicle Emissions Standards: Introduce and enforce stricter emissions standards for all imported and domestically sold vehicles. Gradually phase out the importation of used vehicles that do not meet modern fuel efficiency and emissions criteria.
4. Improve Fuel Quality: Strengthen regulatory oversight and quality control within the fuel supply chain to ensure that all fuel sold in Nigeria meets international quality standards, thereby reducing emissions from existing fossil fuel vehicles.
5. Promote Public Transport: Invest in modern, low-emission public transportation systems (such as electric buses) to provide viable alternatives to private car use, particularly in Nigeria’s rapidly growing cities.
6. Raise Public Awareness: Launch nationwide awareness campaigns to educate the public on the environmental and economic benefits of EVs and low-emission transportation options.
By implementing these policies in a coordinated manner, Nigeria can build on its early successes in EV adoption and begin to reverse the upward trend in emissions from its fossil fuel vehicle fleet, contributing to both national sustainability goals and global climate targets.
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