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1. Introduction 

The global energy landscape is undergoing a profound structural transformation, driven by the dual 

imperatives of mitigating climate change and ensuring national economic security. For emerging 

market economies, the transition away from fossil-fuel-based internal combustion engine (ICE) 

transport systems is no longer merely an ecological choice; it is a macroeconomic necessity As the 

world's third-largest consumer of energy, India stands at a critical juncture where its developmental 

aspirations are directly constrained by its energy dependencies. This study establishes a 

comprehensive macroeconomic and financial framework to evaluate the transition toward sustainable 

alternatives—specifically green hydrogen and electric mobility—assessing their economic viability, 

structural transition costs, and strategic roles in reshaping India's energy future.    1.1. The Conundrum 

of Fossil Fuel Dependency : The foundational vulnerability of the Indian macroeconomy lies in its 

deep, structurally embedded reliance on imported crude oil. India imports over 85% of its crude oil 

requirements to sustain its domestic transportation and industrial sectors. This extreme dependence 

exposes the nation to significant macroeconomic vulnerabilities across three primary channels: 

1. Balance of Payments (BoP) and Current Account Volatility: Because energy imports are largely 

denominated in US Dollars, any upward movement in global oil prices—triggered by geopolitical 

conflicts in the Middle East or OPEC+ production cuts—instantly inflates India’s import bill. This 

puts substantial pressure on the Current Account Deficit (CAD) and triggers domestic currency 

depreciation, creating a cycle of imported inflation that impacts the entire domestic supply chain. 

2. Fiscal Deficit and Revenue Asymmetry: The pricing of domestic petroleum products introduces a 

complex fiscal trade-off. While the central and state governments rely heavily on excise duties and 

Value Added Tax (VAT) on petrol and diesel to fund public infrastructure, sharp spikes in global oil 

prices often require targeted fiscal interventions, such as fuel subsidies or tax cuts. This compromises 

fiscal consolidation targets and crowds out productive capital expenditure. 

3. Exposure to Geopolitical Shockwaves: The 2020–2026 era highlighted the extreme fragility of 

optimized global energy supply chains. Geopolitical shocks, maritime bottlenecks in critical trade 

lanes like the Red Sea, and shifting international alignments have shown that relying on a fossil-fuel-

centered energy matrix exposes an economy to sudden, unpredictable supply disruptions,Therefore, 

substituting petroleum with domestically generated alternative fuels is a critical prerequisite for 

achieving long-term macroeconomic stability and safeguarding sovereign economic interests. 

1.2. Decarbonization Mandates and Climate Commitments: While economic security provides a 

compelling domestic rationale for energy transformation, international climate governance 

frameworks provide a binding regulatory mandate. Under the Paris Agreement, India has 
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progressively strengthened its Nationally Determined Contributions (NDCs), culminating in the 

historic declaration of achieving Net-Zero Carbon Emissions by 2070,To meet these commitments, 

India must decarbonize its transport sector, which accounts for approximately 14% of the nation's 

total greenhouse gas (GHG) emissions, with road transport responsible for over 90% of that share. 

Achieving the interim target of reducing the carbon intensity of GDP by 45% by 2030 requires a rapid 

shift away from conventional internal combustion engines Consequently, sovereign initiatives like 

the National Green Hydrogen Mission and the FAME schemes are designed to build a self-reliant 

green energy architecture, transforming environmental compliance obligations into opportunities for 

domestic industrial modernization and technological leadership. 

1.3. Objectives and Scope of the Study: Given these pressing macroeconomic vulnerabilities and 

binding climate mandates, this paper provides a structured, data-driven comparative analysis of the 

two dominant pathways for cleaner transport: Battery Electric Vehicles (BEVs) and Hydrogen Fuel 

Cell Electric Vehicles (FCEVs). 

1.3.1. Primary Objectives:  

The specific analytical objectives of this research paper are formulated as follows: 

• To evaluate and compare the total lifecycle economics of BEVs and FCEVs within the Indian market 

using a comprehensive Total Cost of Ownership (TCO) framework. 

• To quantify the infrastructure transition costs and capital expenditures required to integrate 

megawatt fast-charging grids and high-pressure hydrogen logistical networks across India's key 

economic corridors. 

• To assess the macroeconomic implications of fuel substitution on India's Balance of Payments 

(BoP), analyzing the trade-offs between crude oil import reduction and new supply-chain 

dependencies on critical minerals like lithium, cobalt, and platinum-group metals. 

1.3.2. Institutional Scope and Sectoral Boundaries 

The analytical scope of this study is systematically bounded across specific vehicular segments and 

time horizons: 

• Sectoral Segmentation: The study maintains a clear distinction between passenger and commercial 

transit. Electric mobility is evaluated primarily within urban passenger segments, two/three-

wheelers, and short-haul public transit. Conversely, Green Hydrogen is analyzed through its 

applicability in hard-to-abate, heavy-duty, long-haul commercial logistics and interstate freight 

transport, where payload constraints and range requirements limit battery applications. 

• Temporal and Data Scope: The primary data analyzed tracks policy implementations, cost 

structures, and technological milestones up to the current 2026 fiscal year, projecting commercial 

viability curves out to 2035. The geographical focus is strictly confined to the Indian 

subcontinental grid infrastructure, utilizing empirical metrics from the Ministry of New and 

Renewable Energy (MNRE), NITI Aayog, and localized transport data. 

By establishing these specific boundaries, this study delivers an objective, economically grounded 

roadmap designed to assist policymakers, automotive manufacturers, and institutional energy 

investors in successfully navigating India's historic alternative fuel transition. 

2. Policy Framework and Institutional Drivers in India 
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The transition from a well-established fossil-fuel economy to an alternative energy matrix cannot rely 

solely on free-market dynamics, given the massive capital asymmetries and infrastructure bottlenecks 

involved. In the Indian context, the state has stepped in as a primary catalyst, deploying a 

comprehensive mix of demand-side subsidies and supply-side manufacturing incentives. This section 

critically examines the institutional mechanisms and policy architectures designed to accelerate the 

adoption of electric mobility and green hydrogen across the subcontinent. 

2.1. The FAME Schemes: Critical Assessment of Demand-Side Subsidies 

The structural foundation for electric vehicle (EV) adoption in India was initiated through the Faster 

Adoption and Manufacturing of Hybrid and Electric Vehicles (FAME) framework. Launched 

sequentially as FAME-I (2015) and the significantly larger FAME-II (2019, with extensions 

stretching into the mid-2020s), these policy interventions primarily deployed demand-side fiscal 

incentives to bridge the initial price gap between high-upfront-cost EVs and conventional internal 

combustion engine (ICE) vehicles. 

1. Structural Delivery Mechanisms: The FAME framework utilized a direct fiscal subsidy model tied 

to battery capacity (initially structured up to ₹15,000 per kWh for two-wheelers before being 

rationalized to prevent fiscal over-extension). The primary objective was to lower the purchase price 

for end consumers, with a strong focus on public and shared transportation—specifically targeting 

commercial three-wheelers, electric buses for State Transport Undertakings (STUs), and urban two-

wheelers. 

2. Critical Policy Assessment: While FAME succeeded in creating a baseline market for electric two- 

and three-wheelers in tier-1 and tier-2 cities, a critical macroeconomic evaluation reveals several key 

structural challenges: 

• The Localization Asymmetry: To qualify for FAME subsidies, manufacturers were mandated to 

comply with strict Phased Manufacturing Programmes (PMP) to ensure local sourcing. However, 

India's lack of domestic cell manufacturing led to supply chain bottlenecks, regulatory disputes, 

and temporary suspension of subsidies for several major original equipment manufacturers 

(OEMs), creating market uncertainty. 

• Passenger Car Exclusion: FAME-II largely excluded private four-wheelers from direct subsidies, 

relying instead on non-subsidy fiscal incentives like a lower Goods and Services Tax (GST) rate 

of 5% (compared to 28% plus cess for ICE vehicles) and road-tax exemptions at the state level. 

This slowed the adoption of private passenger EVs, keeping it confined to a premium niche 

market. 

2.2. National Green Hydrogen Mission (2023): Recognizing that heavy-duty commercial transport 

and high-emission industrial sectors (like steel, fertilizer, and refining) cannot be easily electrified 

via batteries, the Government of India launched the National Green Hydrogen Mission in January 

2023 with an initial financial outlay of ₹19,744 crore. 

1. Strategic Sovereign Targets 

The mission establishes clear targets for the turn of the decade (2030), positioning India as a leading 

global exporter and producer of green hydrogen: 
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• Production Capacity: Achieving a production capacity of at least 5 Million Metric Tonnes (MMT) 

per annum of green hydrogen, supported by an associated renewable energy capacity addition of 

approximately 125 GW. 

• Macroeconomic Impact: Abating nearly 50 MMT of annual greenhouse gas emissions and saving 

over ₹1 lakh crore in cumulative fossil fuel imports by 2030. 

2. Financial Outlays and Strategic Sub-Programs 

The core of the mission's funding is deployed through the Strategic Interventions for Green Hydrogen 

Transition (SIGHT) program, which allocates fiscal incentives across two primary focus areas: 

• Electrolyzer Manufacturing: Providing a tiered, descending financial incentive per kilowatt 

(\text{₹/kW}) to domestic and joint-venture manufacturers to build local capacity for advanced 

electrolyzer technologies (including Alkaline, Proton Exchange Membrane, and Solid Oxide 

cells). 

• Production Incentives: Offering direct subsidies per kilogram of green hydrogen produced 

(\text{₹/kg} of \text{H}_2), designed to artificially lower production costs during the initial 

scaling phase until green hydrogen reaches cost-parity with gray hydrogen (currently derived 

from untaxed natural gas). 

2.3. Production Linked Incentive (PLI) Schemes: Supply-Side Drivers 

To transition from an import-dependent assembly model to a self-reliant manufacturing ecosystem, 

India launched the Production Linked Incentive (PLI) schemes. This policy tool rewards automotive 

and energy components manufacturers with direct cash incentives ranging from 4% to 18% on 

incremental sales over a fixed baseline period. 

1. PLI for Advanced Chemistry Cell (ACC) Battery Storage 

With an outlay of ₹18,100 crore, the ACC PLI scheme is designed to establish a domestic 

manufacturing capacity of 50 Gigawatt-hours (GWh) of advanced cell storage. 

• The Selection Process: Capital allocation was determined through competitive bidding, requiring 

selected firms to commit to setting up operational gigafactories with a mandatory minimum 

localization component within a strict timeframe. 

• Strategic Imperative: This scheme is crucial for reducing India’s dependence on imported battery 

cells from China, lowering the total cost of ownership for domestic EVs, and ensuring supply-

chain security for energy storage systems. 

2. PLI for Automotive and Auto Components: With a broader allocation of ₹25,938 crore, this scheme 

incentivizes the local production of advanced automotive technology components. It explicitly targets 

high-value parts for clean mobility systems, including electric powertrains, electronic control units 

(ECUs), regenerative braking systems, and hydrogen fuel cell vehicle components (such as high-

pressure storage tanks and fuel cell stacks). 

3. Combined Macro-Evaluation: The alignment of the SIGHT and ACC PLI frameworks represents 

a major shift toward supply-side industrial policy. By structuring incentives around domestic value 

addition rather than long-term retail subsidies, the state aims to attract large-scale private capital 

expenditures. 
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Over time, this supply-side localization is intended to drive structural cost reductions through 

economies of scale, eventually allowing FAME demand-side subsidies to be phased out as alternative 

fuel technologies become self-sustaining in the open market. 

3. Technology Profile: Green Hydrogen vs. Battery Electric Mobility: To evaluate the economic 

viability of green hydrogen and battery electric mobility, we must first analyze their technical and 

electrochemical profiles. While both technologies replace internal combustion engines with zero-

tailpipe-emission alternatives, they rely on fundamentally different energy conversion pathways. 

These distinct technical characteristics create varying efficiency rates, performance capabilities, and 

ideal use cases across India's transportation network. 

3.1. Electrochemical Foundations and Efficiency Paradigms: The core divergence between Battery 

Electric Vehicles (BEVs) and Hydrogen Fuel Cell Electric Vehicles (FCEVs) lies in how they manage 

energy. A BEV relies on a closed electrochemical system that stores electricity directly within 

chemical bonds, while an FCEV utilizes an open thermodynamic system that generates electricity on 

board by combining stored hydrogen gas with atmospheric oxygen. 

1. Well-to-Wheel (WTW) Energy Efficiency Analysis: To evaluate the macroeconomic impact of 

these technologies on India's power grid, we must look beyond vehicle performance and analyze total 

Well-to-Wheel (WTW) energy efficiency. This metric calculates the total energy losses incurred 

across the entire value chain: from initial power generation (Well) to final vehicle propulsion (Wheel). 

• The Battery Electric Vehicle (BEV) Pathway: BEVs exhibit high thermodynamic efficiency. 

Renewable electricity generated from solar or wind sources passes through the transmission grid, 

moves through an AC/DC charging station, and is stored directly in Lithium-ion cells with minor 

losses. Modern lithium-ion batteries feature an excellent round-trip efficiency of approximately 

85% to 90%. When combined with highly efficient electric powertrains, the total WTW 

efficiency for a BEV ranges between 70% and 80%. 

• The Hydrogen Fuel Cell (FCEV) Pathway: FCEVs face significant energy conversion losses at 

multiple stages of the value chain. First, renewable electricity must power an electrolyzer to split 

water into hydrogen gas, a process with an inherent efficiency ceiling of 60% to 70%. The 

resulting hydrogen must then be compressed to extreme pressures (350 to 700 bar) or liquefied 

at cryogenic temperatures (-253^\circ\text{C}) for transportation and storage, losing another 

10% to 15% of its energy value. Finally, inside the vehicle, the fuel cell stack recombines the 

hydrogen with oxygen to generate electricity, a process limited by thermal losses to an 

operational efficiency of 45% to 55%. When factoring in final motor propulsion, the total WTW 

efficiency for an FCEV drops to 25% to 35%. 

2. Macroeconomic Strain on Power Grids 

From a resource allocation perspective, the efficiency gap creates a significant economic trade-off. 

To power the exact same driving distance, an FCEV requires nearly two to three times more 

renewable power generation capacity than a BEV. 

For a developing nation like India, which is working to rapidly expand its clean energy grid, wide-

scale adoption of FCEVs in standard vehicle segments would require immense investments in 

additional solar and wind installations, highlighting a key structural disadvantage for hydrogen in 

high-volume transport. 
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3.2. Operational Capabilities and Sectoral Matching: While thermodynamic efficiency favors battery 

electric mobility, operational realities and physical limitations prevent BEVs from serving as a 

universal solution for all transport segments. When evaluating vehicle range, payload capacities, and 

refueling times, the commercial advantages shift based on vehicle weight and operational demands. 

1. The Payload and Volumetric Constraint Challenge 

The defining engineering constraint for high-capacity freight transport is gravimetric energy 

density—the amount of energy stored per unit of mass. 

• The Battery Constraint: Even with recent advancements in lithium-iron-phosphate (LFP) and nickel-

manganese-cobalt (NMC) chemistries, modern battery packs remain heavy and bulky. To 

provide an interstate commercial truck with a viable 800-kilometer range, a battery pack would 

need to weigh several tonnes. In India, where gross vehicle weight (GVW) limits are strictly 

regulated by the Ministry of Road Transport and Highways (MoRTH), every additional tonne of 

battery weight directly reduces the vehicle's legal freight capacity. This makes long-haul heavy 

BEVs less commercially viable for transport fleet operators. 

• The Hydrogen Advantage: Hydrogen possesses an exceptional gravimetric energy density (120 

\text{ MJ/kg}, nearly three times that of diesel). Even when factoring in the weight of reinforced, 

high-pressure carbon-fiber storage tanks, a hydrogen fuel cell system is significantly lighter than 

an equivalent heavy-duty battery pack. This weight savings allows heavy-duty trucks to 

maximize their payload capacity, making FCEVs an ideal fit for long-distance, heavy freight 

operations. 

2. Fleet Utilization Dynamics and Charging Timelines: In commercial logistics, vehicle downtime 

directly impacts profitability. Fleet operators require high asset utilization rates, which are heavily 

influenced by refueling and recharging timelines: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Integrated Technological Synthesis: This comparison demonstrates that alternative fuel adoption 

in India cannot rely on a single technology. Battery electric mobility offers high energy efficiency 

and lower operational costs, making it the clear choice for lightweight, short-haul, and urban transport 

segments where vehicles can charge during routine downtime. 
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Conversely, despite its lower energy conversion efficiency, green hydrogen is an invaluable solution 

for hard-to-abate transport sectors. Its fast refueling times, extended driving range, and minimal 

impact on vehicle payload make it uniquely suited to decarbonize India's heavy-duty, long-haul 

commercial logistics network, where batteries face clear physical limitations. 

4. Financial and Economic Viability Analysis: Evaluating the transition from a well-established 

petroleum economy to green alternatives requires a rigorous corporate financial and microeconomic 

analysis. Beyond ecological merits, widespread market adoption depends on two key financial pillars: 

matching the lifespans of alternative drivetrains with commercial vehicles and reducing the total 

lifecycle costs for fleet operators. 

This section develops a comparative financial framework for the Indian market, examining the Total 

Cost of Ownership (TCO), capital expenditure trajectories, and the economic sensitivities of 

alternative transport options. 

4.1. Total Cost of Ownership (TCO) Modeling 

In commercial logistics and public transportation, initial vehicle purchase prices can mask long-term 

economic realities. A robust financial evaluation requires a Total Cost of Ownership (TCO) model 

that amortizes initial capital investments and projects operational expenses over a standard 10-year, 

500,000-kilometer commercial vehicle lifecycle. 

The comprehensive TCO equation used for this evaluation is structured as follows: 

 

 

Where: 

• \text{CAPEX} = Upfront vehicle purchase cost (minus direct government subsidies like PM E-

DRIVE or SIGHT). 

• \text{RV} = Residual or salvage value of the vehicle asset at Year n (heavily dependent on battery 

or fuel cell health). 

• \text{OPEX}_{\text{Fuel}} = Year t operational fueling cost (calculated via currency cost per 

kilometer driven). 

• \text{OPEX}_{\text{Maint}} = Scheduled and unscheduled operations and maintenance costs. 
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• r = Sovereign-adjusted corporate discount rate or cost of capital. 

 

 

• The BEV TCO Paradox: BEVs feature high initial capital expenditures but offer significantly lower 

operational costs. In high-utilization segments like urban delivery networks, the low cost of 

electricity per kilometer allows operators to quickly offset the initial purchase premium, making 

battery electric mobility highly viable over long distances. 

• The FCEV TCO Constraint: FCEVs currently face financial headwinds on both ends of the lifecycle. 

They carry a very high initial purchase price and face high refueling costs due to early-stage 

green hydrogen distribution systems, keeping their total lifecycle costs elevated during the initial 

market rollout. 

4.2. Capital Expenditure Asymmetry and the Battery Cost Trajectory 

The primary barrier to adopting alternative fuel vehicles is the significant capital expenditure 

asymmetry compared to conventional internal combustion engine (ICE) vehicles. This cost difference 

is driven by specialized components within alternative powertrains: 

1. Lithium-Ion Battery Cost Curves 

For BEVs, the battery pack remains the largest cost component, accounting for approximately 35% 

to 45% of the total vehicle cost. To counter this, the automotive industry has focused on advancing 

battery chemistries and scaling production: 

• Chemistry Shifting: Indian manufacturers have increasingly shifted away from expensive Nickel-

Manganese-Cobalt (NMC) formulations toward Lithium Iron Phosphate (LFP) and emerging 
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Sodium-ion technologies. LFP batteries eliminate costly materials like cobalt and nickel, offering 

better thermal stability and lower production costs suited to India's climate. 

• The Gigafactory Multiplier: Backed by the government's Advanced Chemistry Cell (ACC) PLI 

scheme, the localization of cell fabrication within India has begun to lower battery costs toward 

the key milestone of $100 per kilowatt-hour (kWh). Reaching this threshold helps reduce upfront 

vehicle costs, moving BEVs closer to natural price parity with diesel alternatives. 

2. Hydrogen Fuel Cell Capital Costs 

FCEVs face a steeper cost curve due to complex material requirements. Fuel cell stacks rely on 

platinum-group metals as catalysts to facilitate the electrochemical reaction. Scaling up production 

requires a dual approach: minimizing precious metal usage within the cell architecture and building 

local manufacturing capacity for advanced electrolyzers under the SIGHT program to lower system 

component costs. 

4.3. Sensitivity Analysis to Fuel and Electricity Pricing 

Because alternative vehicles operate over extended timelines, their financial viability is highly 

sensitive to changes in energy input costs. A sensitivity analysis maps out how varying utility and 

fuel tariffs alter the time required for fleet operators to recoup their initial green investments. 

 

1. Electricity Tariff Sensitivity: For battery-electric fleets, operational viability depends heavily on 

commercial charging rates. If an industrial estate or logistics hub accesses off-peak renewable energy 

at or below ₹6.00 per kWh, a commercial e-van can achieve financial parity with a diesel counterpart 

within 3 to 4 years. 

However, if charging occurs during peak hours under standard commercial tariffs exceeding ₹11.00 

per kWh, the operational cost savings contract significantly, extending the investment payback 

period. 

2. Hydrogen Price Tipping Points: For green hydrogen, the critical target is the delivered cost per 

kilogram. Currently, green hydrogen production costs remain elevated due to early-stage 

infrastructure limits. 

Financial modeling shows that green hydrogen must achieve a delivered price of $2.00 per kilogram 

(approximately ₹165/kg) to compete directly with diesel on an energy-equivalent basis. Until 

localized production networks scale up to hit this target, FCEV operations will require targeted 

financial support, showing that hydrogen’s near-term viability depends on achieving production 

economies of scale. 

5. Transition Costs and Infrastructure Underpinnings: Transitioning India's transport sector away 

from liquid petroleum toward a dual matrix of electricity and green hydrogen requires a massive 

overhaul of national infrastructure. This shift involves significant capital investments to build out 

energy transmission grids, establish complex cryogenic and high-pressure storage networks, and 

manage the progressive phase-out of legacy automotive assets. 

This section quantifies the systemic transition costs, infrastructure bottlenecks, and structural shifts 

required to support alternative fuel vehicles across the subcontinent. 

5.1. Capital Investment Requirements for Charging Grid Integration: Deploying millions of Battery 

Electric Vehicles (BEVs) requires a major expansion of India's electrical distribution network. This 
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expansion involves shifting from slow, localized urban charging stations to high-power, nationwide 

charging corridors capable of supporting continuous fleet operations. 

1. The Megawatt Charging Challenge for Commercial Logistics: While standard 50 kW to 150 kW 

DC fast chargers are sufficient for passenger cars and light commercial vehicles, heavy-duty electric 

trucks require Megawatt Charging Systems (MCS) capable of delivering over 1,000 kW (1 MW) per 

charging bay. This high power delivery is necessary to charge large commercial battery packs during 

routine driver rest breaks: Connecting multiple megawatt-scale chargers to a highway charging plaza 

creates a massive power demand equivalent to a small industrial town, requiring dedicated sub-

stations, high-voltage step-down transformers, and advanced grid synchronization systems. 

2. Grid Peak Shaving and Storage Costs: To protect regional grids from voltage instability and sudden 

power surges during peak charging hours, infrastructure developers must integrate Battery Energy 

Storage Systems (BESS) directly into charging plazas. These large-scale stationary batteries store 

clean electricity during off-peak hours and discharge it during high-demand fast-charging windows. 

Implementing BESS across major freight corridors—such as the Golden Quadrilateral and the Delhi-

Mumbai Expressway—adds significant upfront capital expenditure, which must be financed through 

public-private partnerships or targeted infrastructure bonds. 

5.2. Hydrogen Logistical Architecture: Compression, Storage, and Dispensing 

Green hydrogen faces unique logistical challenges due to its physical properties. It is the lightest 

element in the universe, meaning it occupies a massive volume under normal atmospheric conditions. 

Storing and transporting hydrogen efficiently requires specialized, capital-intensive infrastructure 

across the entire supply chain. 

1. High-Pressure Compression and Cryogenic Transport Costs: To transport green hydrogen from 

production hubs to commercial highway refueling stations, the gas must be transformed to maximize 

energy density: 

• Gaseous Compression: Compressing the hydrogen gas to high pressures between 350 and 700 bar 

using specialized steel or carbon-fiber tube trailers. 

• Cryogenic Liquefaction: Liquefying the hydrogen at extreme cryogenic temperatures of -

253^\circ\text{C} inside heavily insulated tankers. 

Both methods require high upfront capital investments for specialized equipment and consume 

significant energy during the conversion process, which adds to the delivered cost per kilogram of 

alternative fuel. 

2. Retail Dispensing Station Costs: Building a Hydrogen Refueling Station (HRS) along major Indian 

transport corridors is substantially more expensive than constructing a conventional diesel bunk or an 

electric vehicle charging plaza. A standard 700-bar commercial HRS requires automated high-

pressure pumps, integrated cooling systems to prevent the gas from overheating during dispensing, 

and advanced leak-detection safety monitors. 

Because these specialized components are currently imported, initial refueling stations face high 

capital costs, highlighting the need for local component manufacturing to make hydrogen dispensing 

networks economically viable. 

5.3. Stranded Assets and Legacy Industry Dislocation: The transition to alternative fuels involves 

more than just building new infrastructure; it requires managing the progressive economic decline of 
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legacy assets tied to the fossil-fuel economy. This process of structural economic change creates 

significant transitional costs across the energy and automotive sectors. 

1. Devaluation of Traditional Fossil-Fuel Infrastructure 

India has built an extensive network of petroleum refineries, cross-country oil pipelines, and over 

80,000 retail fuel bunks. As electric and hydrogen drivetrains gain market share, these legacy assets 

face a structural reduction in utilization rates. 

Oil marketing companies (OMCs) must systematically write down the value of these long-term 

capital investments, turning traditional oil infrastructure into underutilized assets that must be 

repurposed for a clean energy economy. 

2. The Downstream Automotive Ecosystem Shift 

  

 

The transition will also disrupt the downstream automotive workforce, which includes millions of 

mechanics, component suppliers, and component distributors centered around internal combustion 

engines. Because electric vehicles use simpler drivetrains with significantly fewer moving parts than 

diesel engines, they require far less routine mechanical maintenance. 

To prevent widespread structural unemployment within the informal auto-component sector, the state 

and private manufacturers must invest in large-scale reskilling programs. Training legacy mechanics 

to safely service high-voltage battery electronics and hydrogen fuel cell membranes is essential to 

ensure an equitable economic transition across India's transportation ecosystem. 

6. Macroeconomic and Environmental Discussion 

The large-scale transition of an economy's transport sector away from liquid petroleum to a dual 

matrix of electricity and green hydrogen is more than an industrial shift; it is a profound 

macroeconomic realignment. For a developing nation like India, this transition reshapes sovereign 

balance sheets, creates new raw-material dependencies, and redefines the relationship between 

economic  
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growth and environmental degradation. 

This section evaluates the structural impacts of alternative fuels on India's fiscal policy, import 

balances, resource security, and true carbon-abatement pathways. 

6.1. Balance of Payments (BoP) and Fiscal Implications 

Substituting imported petroleum with domestically generated electricity and green hydrogen 

introduces a massive structural shift across India's financial ecosystem, balancing import savings 

against domestic tax revenue reconfigurations. 

1. Current Account Deficit (CAD) Mitigation 

On the credit side of the Balance of Payments, alternative fuels serve as an effective mechanism for 

import substitution. By progressively replacing diesel and petrol, India can directly reduce its multi-

billion-dollar crude oil import bill. 

This reduction helps contract the Current Account Deficit, insulates the domestic economy from 

volatile global energy shocks, and strengthens foreign exchange reserves. A more stable Rupee, in 

turn, lowers the cost of servicing external sovereign debt and improves country-level credit ratings, 

reducing the cost of capital for domestic infrastructure projects. 

2. The Fiscal Revenue Asymmetry Challenge 

Conversely, this transition presents a significant structural challenge for public finance. Liquid 

petroleum products currently serve as a major revenue source for both central and state exchequers, 

which collect heavy excise duties and Value Added Tax (VAT) on petrol and diesel to fund public 

infrastructure and social welfare programs. 

Because electricity for EV charging is taxed under lower GST slabs, and green hydrogen projects 

enjoy extended tax holidays to encourage adoption, a rapid shift away from fossil fuels creates a 

significant fiscal revenue gap. To maintain fiscal balance, policymakers must progressively design 

alternative revenue frameworks, such as vehicle-mileage taxes, congestion charges, or adjusted green 

energy tariffs, to replace declining fuel tax collections without slowing down transition momentum. 

6.2. Resource Dependencies and Supply Chain Security: While transitioning to alternative fuels 

successfully reduces India's dependence on the global crude oil matrix, it introduces a new set of 
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strategic vulnerabilities. It effectively trades a reliance on fossil-fuel cartel systems (such as OPEC+) 

for a reliance on highly concentrated global supply chains controlling critical raw materials. 

 

1. The Critical Mineral Bottleneck for Electric Mobility: Battery electric mobility requires large 

amounts of specialized minerals, including lithium, cobalt, nickel, and synthetic graphite for cell 

chemistry, alongside rare-earth elements (like neodymium) for permanent-magnet electric motors. 

The mining and processing of these materials are highly concentrated geographically, with a single 

country—China—controlling nearly 60% to 80% of global refining capacity. 

Without deep international partnerships (such as the Minerals Security Partnership) and aggressive 

investments in domestic recycling infrastructure, India risks facing new supply-chain bottlenecks that 

could restrict local automotive manufacturing capacity. 

2. Precious Metal Constraints for Green Hydrogen: Hydrogen fuel cell systems face similar 

constraints due to their reliance on platinum-group metals (PGMs). Platinum and iridium serve as 

critical catalysts within Proton Exchange Membrane (PEM) fuel cells and electrolyzers. 

Because the extraction of these precious metals is concentrated primarily in South Africa and Russia, 

an abrupt global surge in fuel cell production can trigger material price spikes. This risk highlights 

the importance of India's supply-side PLI schemes, which encourage research into low-PGM or 

catalyst-free fuel cell architectures to ensure long-term resource independence. 

3.3. Net Environmental Abatement Multipliers: The core justification for alternative fuel systems is 

environmental sustainability. However, a rigorous lifecycle assessment shows that the true carbon-

abatement impact of alternative powertrains is deeply dependent on the cleanliness of the primary 

energy source utilized to charge or produce them. 

1. The Carbon Profile of Grid-Charged BEVs: If an electric vehicle is charged using a power grid that 

relies heavily on coal-fired thermal power plants, the carbon emissions are simply shifted from the 

vehicle's tailpipe to a distant power plant smokestack. 

Because India's current electricity grid mix still features a high baseline reliance on coal, the localized 

carbon-abatement multiplier of BEVs remains restricted during the early stages of adoption. The 

environmental benefits realize their full potential only when charging networks are linked directly to 

dedicated solar, wind, or hydro generation plants. 

2. The Color Spectrum of Hydrogen Economics: A similar rule applies to hydrogen mobility. If 

hydrogen is derived from natural gas or coal gasification without carbon capture, it is classified as 

Grey or Brown hydrogen. Operating an FCEV on grey hydrogen offers minimal net environmental 

advantages over a modern euro-VI diesel engine due to the heavy carbon emissions generated during 

the upstream reforming process. 

To achieve true decarbonization, India’s transport policy must ensure that hydrogen production relies 

exclusively on Green pathways—utilizing zero-emission renewable energy to split water via 

advanced electrolyzers. This ensures that the entire value chain, from production to propulsion, 

remains entirely zero-carbon, helping India make meaningful progress toward its "Net Zero by 2070" 

climate commitments. 
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7.2. A Phased Sectoral Roadmap for Indian Transport: Rather than viewing battery electric vehicles 

(BEVs) and hydrogen fuel cell vehicles (FCEVs) as competing technologies, India's national 

transport policy should implement a coordinated dual-track deployment framework. This roadmap 

strategically assigns each technology to the transport segment where it offers the maximum 

electrochemical and economic advantage. 

1. Prioritizing Battery Electric Mobility for Urban, Short-Haul Transit 

Because battery systems feature high well-to-wheel energy efficiency and lower operational 

maintenance costs, they should remain the primary focus for urban and lightweight transport 

segments. 

Policy frameworks like PM E-DRIVE should continue to prioritize the rapid electrification of high-

volume urban sectors: 

• Two and Three-Wheelers: Serving as the foundation for high-volume city transit and last-mile e-

commerce delivery networks. 

• Intra-City Public Buses and Fleet Cabs: Capitalizing on structured corporate depots where vehicles 

can easily utilize off-peak charging infrastructure during nightly downtime. 

2. Deploying Green Hydrogen for Long-Haul, Heavy-Duty Commercial Logistics 

For hard-to-abate sectors where weight constraints and long distances make heavy battery packs 

unviable, green hydrogen is an indispensable alternative. 

The Ministry of New and Renewable Energy (MNRE), alongside private logistics firms, should focus 

early hydrogen deployment along high-density freight corridors, such as the Golden Quadrilateral. 

Prioritizing hydrogen fuel cells for multi-axle freight trucks, heavy mining machinery, and long-

distance interstate passenger coaches allows operators to preserve cargo capacity and maintain quick 

refueling times, effectively replacing diesel without sacrificing fleet utilization rates. 

7.3. Final Synthesized Outlook: The transition of the Indian subcontinental transport architecture 

away from imported fossil fuels represents a major structural shift toward long-term macroeconomic 

resilience. While the initial capital requirements for building out charging grids, battery gigafactories, 

and localized green hydrogen networks are substantial, they must be evaluated against the ongoing 

financial cost of maintaining a fossil-fuel-dependent energy matrix. 

By successfully implementing supply-side localization tools like the ACC battery and Auto PLI 

schemes alongside demand-side deployment frameworks, India is transitioning from a passive 
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consumer of imported crude oil into a self-reliant manufacturer of clean energy technologies. Over 

time, the economies of scale achieved through local component manufacturing will reduce upfront 

capital costs, allowing alternative vehicles to become naturally cost-competitive without relying on 

permanent government subsidies. 

Ultimately, this energy transition safeguards India's balance of payments, insulates the domestic 

economy from volatile global commodity markets, and opens up new industrial avenues for job 

creation in the high-tech sector. By combining battery electric mobility for urban transport with green 

hydrogen for heavy-duty commercial logistics, India can build a highly efficient, decarbonized 

transport network, successfully transforming its economy into a self-reliant global hub for clean 

energy innovation. 
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