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Abstract 

The transition from fossil fuels to renewable energy in the automotive sector is 

critical for reducing greenhouse gas emissions and achieving sustainability. This paper 

presents a comprehensive comparative analysis of renewable energy sources for 

automobiles, focusing on hydrogen, electric, biofuel, synthetic fuel, and solar energy 

options. Specifically, it evaluates hydrogen as a gasoline additive in internal 

combustion engines (ICEs) and compares its potential and limitations with other 

renewable sources in terms of efficiency, environmental impact, cost, and 

infrastructure. The findings highlight the promise and challenges of hydrogen-gasoline 

blends and outline key considerations for the future adoption of renewables in the 

automotive industry. 

 

Introduction 

The Need for Renewable Energy in Automotive Applications. The global 

automotive sector is a significant contributor to carbon emissions, prompting an urgent 

need for sustainable energy alternatives. Regulatory pressures, such as the EU's 2035 

ban on gasoline and diesel vehicles, have accelerated interest in renewable energy 

technologies for reducing automotive emissions.[1] Hydrogen as a Gasoline Additive 

in ICEs. Among renewable options, hydrogen is emerging as a viable additive to 

conventional gasoline in internal combustion engines (ICEs). Adding hydrogen can 

improve combustion efficiency, reduce harmful emissions, and extend the utility of 

existing ICE technology without requiring a complete shift to fuel cell or electric 

vehicle models. This paper explores hydrogen-gasoline blends as a transitionary 

solution and evaluates them against other renewable options.[2,3] 
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Overview of Renewable Energy Types for Automobiles 

Hydrogen Energy. Hydrogen can be used in ICEs either as a pure fuel or as an 

additive with gasoline. When combined with gasoline, hydrogen enhances combustion 

by promoting a faster and more complete burn, potentially reducing tailpipe emissions. 

However, hydrogen's low energy density poses storage challenges, typically requiring 

high-pressure tanks, cryogenic storage, or emerging technologies such as metal 

hydrides.[4] Battery Electric Vehicles (BEVs) 

Battery electric vehicles, which operate using electricity stored in batteries, 

represent one of the most widely adopted renewable solutions. Advances in lithium-

ion and solid-state batteries have improved energy density and charging speeds. 

However, the environmental impact of mining and battery disposal, along with 

limitations in charging infrastructure, remain challenges for widespread BEV 

adoption.[5,6] Biofuels and Biodiesel. Biofuels, derived from organic matter such as 

crops and waste, offer a renewable alternative that can often be used with minimal 

modification in ICEs. While biofuels contribute to reduced reliance on fossil fuels, 

their production competes with food resources and has environmental downsides. 

Waste-based biofuels are emerging as a more sustainable option. Synthetic Fuels (E-

Fuels).[7,8] Synthetic fuels, or e-fuels, are manufactured by combining captured CO₂ 

with hydrogen derived from renewable electricity. These fuels can be carbon-neutral 

and compatible with existing ICEs and fueling infrastructure, making them a viable 

transitional option. High production costs, however, currently limit their scalability. 

Solar Power (Solar-Electric Hybrids). Solar energy, while primarily used as an 

auxiliary source, can extend the range of hybrid and electric vehicles. Solar integration 

in cars is limited by efficiency constraints and dependency on sunlight, making it 

suitable for supplementary use rather than as a primary energy source.[9,10] 
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Hydrogen production routes, including renewables, fossil fuels and nuclear, with 

hydrogen being produced in power plants, pharmaceutical applications, synthetic 

fuels or their upgrades in transportation, ammonia synthesis, metal production or 

chemical industry applications. [11] 

Comparative Analysis 

Efficiency. Hydrogen used as an additive can increase combustion efficiency 

within ICEs, potentially lowering fuel consumption. By comparison, BEVs achieve 

high efficiency from production to vehicle power (up to 80%), while hydrogen fuel 

cells, synthetic fuels, and biofuels generally exhibit lower overall efficiency. 

Environmental Impact. Each renewable source has a unique emissions profile. 

Hydrogen blends reduce CO₂ and particulate emissions but may emit NOx at high 

combustion temperatures. BEVs have zero tailpipe emissions but entail battery 

manufacturing emissions. Biofuels and e-fuels are generally carbon-neutral but depend 

on sustainable feedstock and production methods. Cost and Scalability. Hydrogen 

remains costly, especially in green hydrogen production through electrolysis. BEV 

infrastructure is more advanced, with widespread charging stations, while hydrogen, 

biofuel, and synthetic fuel infrastructures need significant investment for scalability. 

Infrastructure Compatibility.  

Hydrogen and biofuel solutions can adapt to current ICEs, offering immediate 

applicability without entirely new vehicle models. In contrast, BEVs require dedicated 
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charging infrastructure and battery recycling systems, which involve long-term 

investment and logistical challenges. 

 

Energy 

Source 

Efficiency 

(%) 

CO₂ 

Emissions 

(g/km) 

Infrastructure Cost per 

kWh/Unit 

Emission 

Reduction 

Potential 

Hydrogen 

(Gasoline 

Additive) 

30-35% 100-150 Refueling 

stations needed High 

Medium to 

High 

BEVs 70-80% 0 
Charging 

stations 
Moderate Very High 

Biofuels 25-35% 50-90 
Existing 

infrastructure 
Low Medium 

Synthetic 

Fuels (E-

fuels) 

35-40% 0 
Existing 

fueling stations 
High High 

Solar 

(Hybrid) 
15-20% 0 

Solar panels 

(on vehicle) 
High High 

 

Table: Efficiency and Environmental Impact comparing hydrogen, BEVs, 

biofuels, synthetic fuels, and solar vehicles. 

Challenges and Future Prospects 

Hydrogen Storage and Delivery. Effective storage solutions for hydrogen, 

such as liquid organic hydrogen carriers (LOHCs) and high-density metal hydrides, are 

crucial for safety and practicality. Infrastructure development for hydrogen refueling 

will be necessary to make hydrogen-gasoline blends and pure hydrogen ICEs widely 

viable. Advances in Battery Technology. The potential of solid-state batteries to 

deliver higher energy density, faster charging, and enhanced safety could make BEVs 

more competitive. Investment in battery recycling and sustainable material sourcing is 

essential to mitigate the environmental footprint of BEVs. Policy Implications and 

Market Support. Subsidies, carbon credits, and regulations favoring low-emission 

vehicles can drive the adoption of hydrogen, biofuels, and other renewable energy 

sources. Market support for renewable infrastructure and continued research in 

efficiency improvements will be key for broader renewable adoption. 

 
Conclusion 

This analysis reveals that hydrogen-gasoline blends offer a feasible transitional 

solution in the shift toward renewable energy for ICEs. While BEVs lead in 
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efficiency and zero-emissions operation, hydrogen, biofuels, and synthetic fuels each 

offer unique benefits that align with existing infrastructure. Policy support and 

technological advances, particularly in hydrogen storage and battery development, 

will be crucial for accelerating the transition. Future research should focus on 

overcoming the technical and economic challenges associated with each renewable 

energy type to foster sustainable mobility. 
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