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Abstract

The search for alternative fuels are driven by a few reasons: the concerns for sustainability of the fossil fuels or
the uneven availability of these resources, increasing carbon emissions from conventional fossil fuels, advances
in alternative fuel technologies, government policies asking for transition away from fossil fuel. These reasons
are also acting as major drivers in advanced countries in the West as well as emerging economies in Asia. As a
result, the global automotive industry is also undergoing a transformative shift as the urgency to reduce carbon
emissions and dependence on fossil fuels intensifies. At present the dependence on fossil fuel is around 95% in
the automotive industry, and only marginally changed by 3.5% since the 1970s, however, recent trends indicate
that this is going to change in the future. This research paper explores the potential impact of introducing
hydrogen and solar-powered engines on the future of the automotive sector. It examines the technological
advancements, environmental benefits, infrastructure requirements, and economic implications associated with
these alternative energy sources. The study highlights how hydrogen fuel cells offer high efficiency and zero-
emission solutions, especially for heavy-duty vehicles, while solar-powered engines present promising
opportunities for sustainable transportation, particularly in regions with high solar availability. Through
comparative analysis and case studies of emerging prototypes and market trends, the paper evaluates the
readiness of the industry to adopt these technologies and identifies the challenges in scaling them for mass
production. The research concludes that while both hydrogen and solar engines hold significant promise,
widespread adoption will depend on innovation, investment, and supportive policy frameworks. This study aims
to inform students, educators, and young innovators about the evolving landscape of green mobility and its
implications for a cleaner, more sustainable future.

1. Introduction

The global automotive industry stands at the most significant inflection point since the invention of the
internal combustion engine (ICE). Faced with the existential threats of climate change, strict government
emissions regulations, and a shifting consumer consciousness towards sustainability, the sector is undergoing a
profound transformation. While this technology has driven global mobility and economic growth for over a
century, it has become one of the largest contributors to environmental degradation. Despite technological
advancements and evolving regulations, the sector remains heavily reliant on fossil fuels, with approximately
95% of its final energy consumption sourced from these non-renewable resources and only marginally reduced
by 3.5% since the 1970s. The transport sector is the second highest contributor to GHG emissions and emits
around 25 % of the global emissions (UNEP). The vehicle emissions currently generate 65-80 % from use phase
during burning of fuel and 18-22% comes from production of the materials (World Economic Forum, 2020). To
effectively limit global warming and adhere to the Net Zero Emissions (NZE) goals, it is important to
prioritize the greening of the automotive sector by embracing both operational emission reduction and
sustainable manufacturing. Aligning with the NZE goals would require an estimated reduction of 25 % to
around 6 Gt by 2030, even when demand for personal and freight mobility increases globally. This ambitious
reduction hinges on rapid electrification of road vehicles, operational and technical energy efficiency measures,
the commercialisation and scale-up of low-emissions fuels (IEA, 2023). While battery electric vehicles (BEVs)
have captured the lion's share of attention and market growth in the first wave of electrification, they are not a
complete solution. Challenges related to raw material sourcing, charging times, grid capacity, and weight for
heavy-duty applications have underscored the need for a diversified clean energy portfolio.

While sales of electric cars are increasing globally with nearly 20 % of the cars sold in 2023 being
electric, the growth remains concentrated in a few major markets and constitute 95% of the total global EV
sales. In 2023, 60% of these electric car registrations occurred in China, with Europe accounting for about 25%,
and the United States around 10%. More than 60% of the EVs account for BEVs and the majority of the rest are
PHEVs (Plug-in Hybrid Electric Vehicle). The prominence of BEVs is even more notable in segments like
electric buses, where, due to falling battery prices, improved models, and faster charging, nearly all new electric
buses are now battery-powered, marking a sharp decline in PHEV share globally. This market consolidation
highlights both the success of targeted incentives and industrial policies in leading markets and the need for
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continued global expansion to ensure a broader transition toward electric mobility. Despite the significant
strides made by BEVs in both market share and technological improvements, there remain limitations such as
relatively limited range for long-haul or heavy-duty applications, lengthy charging times compared to
conventional refueling, and the substantial mass of large batteries that can reduce overall vehicle payload and
efficiency.

Given these constraints, hydrogen fuel cell electric vehicles (FCEVs) emerge as a critical alternative,
particularly in segments where BEVs' limitations are most pronounced. FCEVs offer higher driving ranges,
much shorter refueling times, and greater payload capacity due to lighter fuel storage requirements, making
them ideal for heavy-duty vehicles, long-distance trucking, and intensive public transportation routes.
Moreover, FCEVs provide operational resilience in extreme climates and decentralized energy contexts,
especially when powered by green hydrogen. By addressing specific functional and logistical gaps left by
BEVs, FCEVs can play a pivotal role in accelerating the decarbonization of the automotive sector and ensuring
that the transition to clean mobility is both robust and inclusive across diverse regions and transport needs.

Solar energy, both in its utility-scale form and integrated directly into vehicles, promises a truly
renewable and decentralized power source. Together, they are forging new pathways, disrupting traditional
supply chains, and creating future scenarios where the automotive industry is not just electric, but truly
sustainable and integrated into a broader clean energy ecosystem.

This analysis will deconstruct the impact of these two technologies by examining their technological
underpinnings, recent market trends, statistical evidence, and the future scenarios they are likely to create.

1I. Discussion

A) Hydrogen as a basis for clean transport fuel

Hydrogen offers a low carbon alternative to refined oil products and natural gas on which the
automotive sector is heavily reliant. Hydrogen fuel cell electric vehicles (FCEVs) would reduce local air
pollution because they have zero tailpipe emissions like BEVs. Hydrogen based fuel can be produced from
hydrogen and can be converted to methane, methanol and ammonia, and synthetic liquid fuels, which have a
range of potential transport uses.

Hydrogen can be produced using a range of energy sources and technologies and currently is heavily
dependent on fossil fuels in their production process. Around 70 Mt of hydrogen is produced today from natural
gas (76%) and coal (23%). Transitioning to low-carbon hydrogen production methods such as electrolysis
powered by renewable energy, carbon capture and storage with natural gas reforming, and emerging
technologies like methane splitting are critical to decarbonizing the hydrogen supply chain.

Grey hydrogen is the most common form of hydrogen and is produced from natural gas or methane
through a process called steam reforming. Blue hydrogen refers to when hydrogen is generated from natural gas
and is coupled with carbon capture and storage (CCS). The cleanest form of hydrogen is called green hydrogen
which is produced by using clean energy from renewable sources (like solar or wind) which is used to split
water into hydrogen and oxygen through electrolysis.

Reforming is the most common method which used natural gas and the three methods are: steam
methane reforming (SMR) (using water as an oxidant and a source of hydrogen), partial oxidation (using
oxygen in the air as the oxidant), or a combination of both called autothermal reforming (ATR). Steam
reforming is used to extract hydrogen from natural gas and less frequently from LPG and naphtha.Partial
oxidation is used to extract hydrogen from heavy fuel oil and coal. In both cases, a synthesis gas mostly made
of carbon monoxide and hydrogen is formed, then converted to hydrogen and CO2 if pure hydrogen is the main
product. Other processes include gasification (where the raw material, such as coal or biomass, is converted into
a synthesis gas that is then transformed into hydrogen and CO2) and electrolysis (where hydrogen is produced
by splitting water into hydrogen and oxygen).

Technological integration for low-carbon hydrogen would be carbon capture and storage ( CCUS), it
can be applied both to SMR and ATR hydrogen production and can lead to a reduction in carbon emissions of
up to 90%, if applied to both process and energy emission streams.

Hydrogen can be integrated in the automotive sector by the use of Fuel Cell Electric Vehicles (
FCEVs). Fuel Cell Electric Vehicles utilizes fuel cell systems that convert hydrogen to electricity,
which in turn powers electric motors to move the vehicle. This system uses electrochemical reactions instead of
batteries to produce power, without any carbon emissions involved in the process.
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The key value propositions for FCEVs in the automotive industry are:

1) Rapid Refueling: Mimicking the ICE experience, FCEVs can be refueled in 3-5 minutes, a significant
advantage over the longer charging times of BEVs, especially for commercial fleets with high utilization rates.

i) Long Range: Hydrogen has a very high energy density by weight (120-142 MlJ/kg). This allows
FCEVs to achieve long ranges (500-700 km is common) without the extreme weight penalties that affect large
battery packs, making them ideal for trucks, buses, and large SUVs.

iii) Performance in Extreme Conditions: FCEVs are less susceptible to range loss in very cold weather
compared to BEVs, as the fuel cell generates its own heat.

iv) Reduced Pressure on the Grid: Widespread adoption of hydrogen refueling infrastructure does not
require the same massive, simultaneous upgrade to the electrical grid as BEVs, though it requires a parallel
build-out of hydrogen production and distribution.

The demand for hydrogen in the road transport grew almost 40% year-on-year in 2024. Despite the significant
increase, the road transport sector accounts for roughly 0.1% of total global hydrogen consumption. There is a
lot of potential in the transportation sector, where hydrogen can play a transformative role in the pathway to a
greener automotive sector.

The impact of hydrogen is currently most pronounced in specific, strategic segments of the automotive market
rather than the passenger car mass market. The commercial vehicle segment can benefit the most from a
transition to FCEV.

a) The Commercial Vehicle Segment: The heaviest impact is being felt in the medium- and heavy-duty
trucking, bus, and logistics sectors. The limitations of current battery technology—weight, charging time,
and range—are magnified in these applications. When it comes to trucks few global truck manufacturer has a
hydrogen fuel cell truck in development or in pilot programs. Daimler Truck (with Volvo Group via cellcentric
JV) is targeting long-haul hydrogen trucks for the second half of the 2020s. Hyundai Motor has already
deployed its XCIENT Fuel Cell trucks in few countries. Nikola Motors has pivoted its focus entirely to its
FCEV trucks, with prototypes testing and deliveries to customers. According to McKinsey's "Hydrogen
Insights 2023" report, there were over 40,000 fuel cell trucks and buses on the road globally by the end of
2022, a figure projected to grow exponentially with announced policies. Fuel cell buses are becoming a
common sight in many cities, particularly in China, Europe, and California. China dominates this segment, with
over 5,000 fuel cell buses deployed as part of its broader New Energy Vehicle strategy. In Europe, deployment
of hundreds of fuel cell buses across multiple countries has been done.

b) The Passenger Car Market: The passenger car segment is more challenging due to the high cost of fuel
cells, lack of refueling infrastructure, and the strong momentum of BEVs. The market is currently led by
Hyundai (Nexo) and Toyota (Mirai). Honda has also been a long-time player with its Clarity Fuel Cell. Global
sales of FCEVs remain a fraction of BEV sales. In 2022, global FCEV sales were estimated to be around
15,000-20,000 units, bringing the total global fleet to roughly 72,000 vehicles (IEA Global EV Outlook 2023).
This is minuscule in comparison to the 10 million+ BEVs on the road. The lack of refueling stations is the
primary bottleneck. As of 2023, there were approximately 1,000 hydrogen refueling stations (HRS) operational
worldwide, with the majority concentrated in Japan (~160), Germany (~100), China (~100), and California
(~60).

c) The Emergence of Fuel Cell Powertrains in Unexpected Segments: Hydrogen is finding applications
beyond cars and trucks. In Mining Anglo American is developing a nuGen™ zero-emission haul truck, a
290-tonne vehicle powered by a hybrid hydrogen fuel cell battery system, demonstrating the technology's
potential in ultra-heavy-duty, off-grid environments. In Aviation & Maritime although not strictly automotive,
development in these sectors (e.g., Airbus's ZEROe concept aircraft) drives down fuel cell costs and improves
technology for automotive spin-offs. In Racing Extreme H, a successor to the off-road electric Extreme E racing
series, plans to switch to hydrogen fuel cell powertrains by 2026, serving as a high-profile technology testbed.
There are around 100,000 hydrogen powered vehicles in operation and passenger cars constitute 70% of the
total hydrogen vehicle fleet. But they only account for 10% of the hydrogen consumption in the sector due to
lower energy intensity compared to heavy commercial vehicles (IEA, 2025).

Currently, Korea constitutes around 40% of the FCEV in the world, followed by China, USA and Japan.
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Between 2023 and 2024, the sale of fuel cell cars increased less than 5000 cars, highlighting a decreasing trend.
The stock of fuel cell trucks in China increased 40% in 2024 compared with 2023, reaching almost 15000
vehicles, about 5 times that of 2020.

Fig 1: FCEV stock by vehicle segments and regions (from 2019 to 2025)
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The environmental benefit of FCEVs is entirely contingent on how the hydrogen is produced. "Grey
hydrogen," produced from natural gas, offers little CO2 reduction benefit. The industry's focus is shifting to
"green hydrogen," produced via electrolysis of water using renewable electricity (e.g., solar or wind). The cost
of green hydrogen is falling rapidly. The US Department of Energy's "Hydrogen Shot" initiative aims to reduce
the cost of clean hydrogen by 80% to $1 per 1 kilogram in 1 decade.

The rise of hydrogen mobility is creating a supply chain and altering manufacturing priorities as new
components are in demand, due to which OEMs and suppliers must master new core technologies like fuel cell
stacks, high-pressure hydrogen storage tanks and sophisticated hydrogen safety systems. Moreover the industry
is competing for talent in electrochemistry, composite materials, and high-pressure gas systems, rather than just
battery chemistry and software. From a geopolitical point of view, countries with abundant renewable resources
for cheap green hydrogen production (e.g., Australia, Chile, Middle East) could become new energy
powerhouses, influencing where energy-intensive manufacturing takes place.

Asia's bet on hydrogen is deep, strategic, and backed by unprecedented national-level commitment. Unlike the
more market-led BEV adoption in the West, the FCEV rollout in Asia is a state-orchestrated endeavour.

a) Japan: Japan's foundational strategy is rooted in its long-term energy insecurity post-
Fukushima. Its Basic Hydrogen Strategy (2017, updated 2023) was the world's first national hydrogen strategy,
envisioning a comprehensive "Hydrogen Society". It has a goal of establishing 1,000 hydrogen refueling
stations (HRS) by 2030; deploy 200,000 FCEVs by 2025 and 800,000 by 2030; reduce hydrogen cost by 2050
(equivalent to ~$2/kg) (METI, Japan, 2023).

b) South Korea's approach is characterized by the immense scale and vertical integration of its
conglomerate. The country aims for 1.9 million FCEVs on the road by 2030; establish 450 HRS by 2030;
achieve 30% FCEV share in new car sales by 2040 (Ministry of Trade, Industry and Energy, MOTIE, Korea,
2021).

c) China: The Scalable Juggernaut

China's strategy, embedded in its consecutive Five-Year Plans, is focused on strategic technology mastery and
rapid industrial scaling. Their Medium and Long-Term Plan for the Hydrogen Energy Industry (2021-2035)
targets 50,000 FCEVs by 2025 and 1 million by 2035. However, these targets are often surpassed. Focus on fuel
cell system power density and cost reduction. The "Fuel Cell Vehicle Demonstration City Clusters" program
channels subsidies to regions (Beijing-Tianjin-Hebei, Shanghai, Guangdong) that meet deployment targets for
vehicles and infrastructure, creating concentrated hubs of activity.
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Few recent trends observed in some Asian countries are outlined below:

a) Commercial Vehicles:

i) Buses: China is the undisputed global leader. As of 2022, over 5,200 fuel cell buses were operational
in China, primarily in demonstration cities, accounting for over 90% of the global fleet (CAAM, 2023).
Shanghai alone plans to deploy 10,000 FC buses by 2030.

ii) Trucks: Hyundai's XCIENT trucks are being tested in Korea and deployed in China. Chinese
manufacturers like Foton and SAIC Hongyan are rolling out heavy-duty fuel cell trucks for port logistics and
regional haulage. In Japan, projects are underway using FCEV trucks for "just-in-time" logistics between
Toyota's plants.

iii) Three-Wheelers and Micro-Mobility: A uniquely Asian trend. India's Reliance Industries is developing
hydrogen-powered three-wheelers (auto-rickshaws), a mode of transport found everywhere across South and
Southeast Asia, aiming to decarbonize a segment often overlooked.

b) Passenger Cars:

i) Sales Statistics: While global FCEV sales are modest, Asia dominates. In 2022, China accounted for
roughly 40% of global FCEV sales, followed by Korea (~35%) and the US (~15%, primarily California) and
Japan (~10%) (IEA, 2023). The Toyota Mirai and Hyundai Nexo remain the top-selling models globally.

i) Infrastructure Build-Out: As of end-2022, Asia hosted over 60% of the world's hydrogen refueling
stations. China leads with over 250 stations, Japan follows with ~160, and Korea has ~150 (H2Stations.org,
2023). The pace of construction in China is particularly aggressive.

There has been a 15% increase from 2023 to 2024, in the hydrogen refuelling stations (HRS) in operation
worldwide with around 1300 by the end of 2024. The biggest increase is witnessed in China where the increase
was by 30% during 2024.

Fig-2: Hydrogen refuelling stations in different regions of the world

Number of hydrogen refuelling stations

1600

1200

800

400

0
2019 2020 2021 2022 2023 2024

BChina OEurope OKorea BJapan

m Other B Global OUnited States

The "greenness" of hydrogen is critical for the world and Asia, which seeks to reduce both carbon
emissions and fossil fuel import dependencies. Currently, most hydrogen in Asia is "grey." However, the push
for green hydrogen is accelerating. As densely populated, resource-constrained nations, Japan and Korea are
pursuing international partnerships. Japan's HySTRA project involves importing liquid hydrogen from
Australia. Korean conglomerates like POSCO and KEPCO are investing in green hydrogen production in the
Middle East and Australia. Leveraging its world-leading solar and wind manufacturing capacity, China is
positioned to become a low-cost producer of green hydrogen domestically. Massive integrated renewable-
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hydrogen projects ("green hydrogen valleys") are being developed in Inner Mongolia and other regions with
high renewable potential. India launched its National Green Hydrogen Mission in 2023 with an outlay of
%19,744 crore (~$2.3 billion), aiming to make India a global hub for green hydrogen production and export.

A) The Solar Spectrum — Direct and Indirect Integration

The existing power grid is strained and cannot support the increasing demand of electricity with the
increase in electric cars. By harnessing solar energy in the transport section, it can reduce the dependence on
grid electricity and increase vehicle autonomy. Solar energy impacts the automotive industry in two primary
ways: indirectly by providing green electrons to charge EVs, and directly through integrated photovoltaic (PV)
cells on the vehicle itself.

The last few years witnessed a rise in the commercialisation of solar-powered electric vehicles (EVs)
and vehicle-integrated photovoltaics (VIPV), although limited in use. The “Stella Lux,” introduced by Solar
Team Eindhoven in 2015, proved that a solar car could generate surplus energy for practical travel. A year later,
Toyota’s Prius PHV became the first mass-produced car to feature rooftop solar panels, adding about 6 km/day
of electric range. Automotive innovation continued with the Hyundai Sonata Hybrid (2020) and Lightyear One
(2022), which used highly efficient solar cells to extend driving ranges by 30—45 km per day. By 2023, major
automakers like Toyota were planning broader integration of solar technologies, aiming for a 10-15% range
boost by 2030, while Tesla explored options such as a solar bed cover for the Cybertruck, though its main focus
remained on grid-charged EVs. Research has increasingly centered on improving photovoltaic performance
using high-efficiency solar cells like perovskite and silicon and on designing panels that blend seamlessly with
the car’s aesthetics, with forecasts suggesting solar technology costs could drop by 60% by 2030. The
introduction of industrial standards by the International Electrotechnical Commission (IEC) helped formalize
technical and environmental requirements, signaling growing industry maturity. Despite these advances, solar
power currently serves as a supplementary energy source, producing only 2-3 kWh daily compared to the
typical consumption of 124—186 Wh per kilometer for EVs. While technical progress has been made, solar
integration remains a niche innovation that enhances sustainability rather than replacing conventional charging
altogether.

The carbon footprint of a BEV is directly tied to the carbon intensity of the electricity used to charge it.
Solar energy is crucial for making the entire electrified fleet truly clean.

Vehicle-Integrated Photovoltaics (VIPV): The concept of cars with integrated solar panels that charge the
battery while driving or parked is a long-held dream. Recent technological advances are making it an
increasingly viable reality, though its impact remains supplemental. Traditional silicon solar panels are rigid,
heavy, and inefficient at non-optimal angles. The game-changers in technological advancements are, a) High-
Efficiency Cells- The use of gallium arsenide (GaAs) and other III-V semiconductor cells, popular in space
applications, has pushed efficiencies over 34% in lab settings (NREL, 2023), b) Flexible and
Lightweight Panels- Thin-film solar technologies allow panels to be molded to the curves of a car's roof,
hood, or rear decklid without adding significant weight, and c) Transparent Solar Panels- Emerging
technologies can integrate transparent photovoltaic cells into sunroofs and even windows, turning more of the
car's surface area into a power-generating asset.

Few companies adopting these advancements are:

1) Hyundai Sonata Hybrid (2020): Offered an optional solar roof that Hyundai claimed could add ~2
miles of range per day (up to 800 miles per year) under ideal conditions (Hyundai, 2019).

ii) Toyota Prius Prime (Japan): Offered a solar roof option that could reportedly contribute to driving
range and power auxiliary systems (Toyota, 2021).

iii) Lightyear 0 (and Lightyear 2): The Dutch startup Lightyear launched the Lightyear 0, a sedan covered
in 5 square meters of solar cells claiming up to 70 km (44 miles) of range per day from solar alone (Lightyear,
2022). Though production was halted, the technology demonstration was profound. Their upcoming, more
affordable Lightyear 2 aims to deliver 30-40 km (20-25 miles) of daily solar range.

iv) Aptera Motors: Offers an ultra-efficient, three-wheeled "solar electric vehicle" (SEV) designed from
the ground up for solar integration. With up to 700 watts of solar panels covering its body, Aptera claims up to
40 miles of free solar range per day and "never need charging" for most daily use cases (Aptera Motors, 2023).

V) Commercial Vehicles: The application may be even more compelling for commercial vans and trucks,
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which have large, flat roof surfaces and often sit parked in depots or yards during the day. Companies like Sono
Motors (Sion) initially targeted this market with their solar technology before pivoting.

vi) The most profound impact of VIPV may be felt not in cars, but in electric rickshaws (e-rickshaws),
which number in the millions across India, Bangladesh, and Southeast Asia. Startups are integrating solar panels
onto the rooftops of these vehicles, which are used for short daily trips. This significantly extends their range,
reduces charging costs for drivers (who are often low-income), and improves vehicle availability.

It is crucial to be realistic about the near-term contribution of VIPV. On a typical passenger car, even
with advanced solar cells covering all available surfaces, the average daily energy yield in most climates is
likely to be in the range of 5-15 kWh per week. This is enough to power auxiliary systems (climate pre-
conditioning, infotainment) and add a meaningful number of miles for short, daily commutes, significantly
reducing the need to plug in. The market for VIPV is growing. QuantAlign Research (2021), however, forecasts
the market for VIPV to grow at a CAGR of 30.5% in near term.

Future Scenarios and Synergistic Potential

The true transformation will occur as these technologies converge with each other and with other trends like
autonomy and connected infrastructure.

Scenario 1:

The industry will not be dominated by a single technology. Instead, we will see a segmentation based on use-
case:

1. BEVs will dominate the passenger car market for urban and suburban use, short-haul logistics, and
personal transportation.
2. FCEVs will become the standard for long-haul trucking, regional bus networks, heavy-duty

machinery, and fleet vehicles that require rapid turnaround.

3. Solar Integration will become a common feature on most mid-to-high-end BEVs and FCEVs, not as a
primary energy source, but as a standard range-extending and convenience feature, perhaps adding 5-10 miles
per day on average.

BloombergNEF's Hydrogen Economy Outlook suggests that hydrogen could meet ~25% of the world's energy
needs by 2050, with transport being a key sector (BloombergNEF, 2023). Similarly, the Hydrogen Council
forecasts that hydrogen powertrains could be powering ~15-20% of all trucks and buses sold globally by 2030
(Hydrogen Council, 2023).

Scenario 2:

Cars and trucks will cease to be mere consumers of energy and will become active participants in a smart energy
grid. This is known as Vehicle-to-Grid (V2G) for BEVs, but a similar concept exists for FCEVs and solar.

1. FCEVs as Mobile Power Generators: A hydrogen fuel cell vehicle can essentially function as a large,
portable generator. In a future with bidirectional fuel cell systems, an FCEV truck parked at a depot could
power the depot's operations or feed electricity back to the grid during peak demand ("V2G for FCEVs").

2. Solar-BEV Synergy: A home with a BEV, rooftop solar, and a bidirectional charger becomes a self-
sufficient energy unit. The car stores excess solar energy during the day

and can power the home at night or feed power back to the grid, creating revenue for the owner.
Scenario 3:

The refueling infrastructure will evolve into integrated energy hubs. A future truck stop will feature:

1. On-site electrolysis powered by a large solar canopy and/or nearby wind farm, producing green
hydrogen on demand.

2. Fast-charging stations for BEVs, also powered by the same renewable microgrid.

3. Hydrogen refueling pumps for FCEVs.
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This model solves the hydrogen transportation problem, maximizes renewable energy use, and creates a
resilient, decentralized energy network.

II1. Conclusion

The introduction of hydrogen and solar energy is not simply adding new fuel types to the automotive
industry; it is fundamentally reshaping it. The impact is complicated. Technologically, it is forcing a
diversification of R&D away from a singular focus on ICE or even batteries towards a suite of solutions
including fuel cells, electrolyzers, and advanced photovoltaics. Economically, it is spawning entirely new
supply chains and business models, from green hydrogen production to vehicle-to-grid services, creating new
winners and challenging incumbents. Strategically, it is redefining the automobile's role in society from a
simple mode of transport to a mobile energy storage unit and a key player in a clean, resilient, and decentralized
energy network.

The statistics currently show BEVs in the lead, but the trends for hydrogen in commercial transport
and solar in energy efficiency are unmistakable and accelerating. The future of the automotive industry will not
be a winner-take-all battle between technologies, but a collaborative ecosystem where batteries, hydrogen fuel
cells, and solar panels each play to their strengths. The ultimate goal which is a fully decarbonized, sustainable,
and efficient mobility system is within reach, but only through the simultaneous and collaborative pursuit of all
these revolutionary pathways. The companies and nations that understand and invest in this diversified portfolio
today will be the leaders of the automotive industry tomorrow.

The Asian strategy reveals a more nuanced truth: the future is diversified, context-specific, and
integrated. It will be an ecosystem where a hydrogen truck moves goods between ports, a BEV with a solar roof
commutes in a megacity, and a solar-assisted e-rickshaw provides affordable mobility in a dense urban alley, all
underpinned by energy and software platforms developed in Asia.

The 21st-century automotive industry will not be defined by who invented the car, but by who defines
its clean, connected, and intelligent future. The trends, statistics, and national ambitions clearly indicate that
Asia is not just participating in this revolution; it is actively authoring its next chapter.
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