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Abstract 

The climate crisis represents the most consequential challenge of the twenty-first century. Global surface 

temperatures have risen by approximately 1.2°C above pre-industrial levels, driving increasingly frequent and 

severe weather events, rising sea levels, and profound disruptions to ecosystems worldwide. Yet the same era has 

witnessed an extraordinary transformation in the global energy landscape: the rapid, cost-driven ascent of 

renewable energy technologies—particularly solar photovoltaics and wind power—that now represent the cheapest 

sources of electricity ever developed. This article examines the scientific evidence underpinning climate change, 

analyses the growth trajectory of renewable energy, and explores the policy, economic, and technological pathways 

through which a transition to a net-zero global economy may be achieved. 

 

1. The Scientific Reality of Climate Change 

The Earth's climate has always changed, shaped over geological timescales by variations in solar output, volcanic 

activity, and shifts in atmospheric composition. What is unprecedented about the current period of warming is its 

cause and its pace. Since the onset of industrial civilization in the mid-nineteenth century, the burning of fossil fuels—

coal, oil, and natural gas—has released vast quantities of carbon dioxide (CO₂) and other greenhouse gases into the 

atmosphere, fundamentally altering the energy balance of the planet. 

The concentration of CO₂ in the atmosphere has risen from approximately 280 parts per million (ppm) in pre-industrial 

times to over 422 ppm in 2024—a level not seen on Earth for at least 3 million years. The Intergovernmental Panel 

on Climate Change (IPCC) Sixth Assessment Report (AR6), published in 2021–2022, concluded with "unequivocal" 

certainty that human influence has warmed the climate system, and that widespread and rapid changes in the 

atmosphere, ocean, cryosphere, and biosphere have occurred. 

 

 
Fig. 1 — Global surface temperature anomaly (1880–2024) relative to the 1951–1980 average. The sustained 

warming trend since the 1980s is clearly evident. Source: NASA GISS Surface Temperature Analysis (GISTEMP 

v4). 
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The consequences of this warming are not merely statistical abstractions. The past decade (2014–2024) was the 

warmest on record globally. Arctic sea ice extent has declined by roughly 13% per decade since satellite monitoring 

began. Glacier retreat is accelerating on every continent. Sea levels are rising at an average rate of 3.7 mm per year—

twice the rate measured in the 1990s—and the rate is itself accelerating. 

 

 

2. Sources of Greenhouse Gas Emissions 

Understanding where greenhouse gas emissions originate is essential for designing effective mitigation strategies. 

Globally, emissions arise from a diverse range of sectors, each requiring distinct technological and policy responses. 

 

 
Fig. 3 — Global CO₂ emissions by sector (2024). Energy generation and industrial processes together account for 

nearly 58% of total global emissions. Source: IEA World Energy Outlook 2024. 

 

The energy and heat generation sector remains the single largest source of greenhouse gas emissions, responsible for 

approximately 34% of global CO₂ output. This reflects the continued dominance of coal, oil, and natural gas in 

electricity generation, particularly in rapidly industrializing economies. The industrial sector—encompassing steel, 

cement, chemicals, and manufacturing—contributes nearly a quarter of global emissions and presents some of the 

most technically challenging decarbonization pathways, given the process heat requirements and chemical reactions 

inherent to these industries. 

 

Transport accounts for 16% of global emissions, with road vehicles dominating at roughly 75% of transport-sector 

output. The rapid adoption of battery electric vehicles (BEVs) represents the primary near-term mitigation pathway 

for this sector, supported by the parallel decarbonization of electricity grids. Agriculture contributes 11% of total 

emissions, primarily in the form of methane from livestock enteric fermentation and nitrous oxide from synthetic 

fertilizers—greenhouse gases with significantly higher global warming potentials than CO₂ over a 20-year horizon. 

 

3. The Rise of Renewable Energy 

3.1 From Fringe to Mainstream 

A decade ago, the notion that renewable energy could displace fossil fuels as the backbone of global power systems 

within a generation was viewed as optimistic to the point of naivety. Today, that transition is not a projection—it is 
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underway. Renewable energy now accounts for approximately 30% of global electricity generation, with solar PV and 

wind power driving the most dramatic growth. 

 

The International Energy Agency (IEA) reports that renewable energy capacity additions reached a record 507 GW in 

2023, with solar PV alone accounting for three-quarters of that total. For the first time in history, renewable energy 

additions now exceed net new capacity from all fossil fuel sources combined. This is not primarily the result of policy 

mandates—though supportive policies have played a crucial role—but of economics. 

 

 
Fig. 2 — Global renewable energy installed capacity by source (GW), 2000–2024. Solar PV and wind have 

experienced exponential growth, now approaching and exceeding hydropower in total installed capacity. Source: 

IRENA Renewable Capacity Statistics 2025. 

 

3.2 The Spectacular Decline in Renewable Energy Costs 

The most consequential development in energy economics over the past fifteen years has been the relentless decline 

in the cost of solar photovoltaic and wind power. Between 2010 and 2024, the levelized cost of electricity (LCOE) 

from utility-scale solar PV fell by approximately 93%, from around $378 per MWh to below $30 per MWh in the 

most favourable markets. Onshore wind costs declined by roughly 70% over the same period. 
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Fig. 4 — Levelized cost of energy (LCOE) for solar PV and onshore wind (USD/MWh), 2010–2024. The dramatic 

cost reductions have made renewables the cheapest source of new electricity generation in most of the world. 

Source: IRENA, BloombergNEF. 

 

These cost reductions are the product of what economists call "learning curves" or "Wright's Law"—for every 

doubling of cumulative installed capacity, costs decline by a predictable percentage. For solar PV, that learning rate 

has been approximately 20–23%, meaning costs fall by roughly a fifth each time the global installed base doubles. 

Given the exponential growth trajectory of solar deployment, this dynamic shows no sign of abating. 

 

4. Global Investment in Clean Energy 

The economics of renewables are now translating into historically unprecedented levels of clean energy investment. 

According to BloombergNEF's Energy Transition Investment Trends report, global investment in the energy transition 

reached $1.77 trillion in 2023—the first year in which clean energy investment exceeded investment in fossil fuels. 

This milestone, unthinkable just five years ago, reflects a fundamental reorientation of capital flows driven by policy 

incentives, corporate sustainability commitments, and the plain economic logic of deploying the cheapest available 

energy technology. 

 

 
Fig. 5 — Clean energy investment by country/region (2024, USD billion). China leads globally by a wide margin, 

followed by the United States and the European Union. Source: BloombergNEF Energy Transition Investment 

Trends 2025. 

 

China's dominance of clean energy investment reflects both its extraordinary domestic renewable deployment and its 

control of global clean energy supply chains. China manufactures approximately 80% of the world's solar panels, 60% 

of wind turbines, and 75% of lithium-ion batteries—a position of strategic importance that has prompted significant 

policy responses from the United States (through the Inflation Reduction Act) and the European Union (through the 

Green Deal Industrial Plan). 

 

 

Indicator 2015 2020 2024 Target (2030) 

Global renewable share of 

electricity 

22% 27% 30% 60% 
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Solar PV installed capacity (GW) 227 714 1,600 5,500 

Wind installed capacity (GW) 433 733 1,100 3,000 

EV share of new car sales 

(global) 

0.9% 4.2% 18% 50% 

Clean energy investment (USD 

trillion) 

$0.3T $0.5T $1.8T $4.5T 

Coal power capacity retired 

(GW/yr) 

12 35 52 200+ 

Table 1 — Key clean energy transition indicators and 2030 targets. Sources: IEA, IRENA, BloombergNEF, IEA Net 

Zero by 2050 Scenario. 

5. Challenges on the Path to Net Zero 

5.1 Grid Integration and Storage 

The intermittency of solar and wind power—their output depends on weather conditions rather than demand—is the 

central technical challenge of the energy transition. As renewable penetration rises above 30–40% of grid supply, the 

need for flexible, dispatchable resources to balance supply and demand becomes increasingly acute. Three primary 

solutions are emerging: 

 

• Battery energy storage systems (BESS): Lithium-ion battery storage costs have fallen by 90% since 2010, 

making grid-scale battery installations economically viable for short-duration storage (2–8 hours). Global 

battery storage capacity is expected to reach 1,500 GWh by 2030. 

• Green hydrogen: Produced by electrolysis of water using renewable electricity, green hydrogen offers a 

pathway to long-duration, seasonal energy storage and hard-to-abate industrial decarbonization. Costs 

remain high but are falling rapidly. 

• Grid interconnection and demand flexibility: Expanding transmission infrastructure to connect regions with 

complementary renewable resources, combined with demand response programmes and smart grid 

technologies, can significantly reduce the storage requirement. 

 

5.2 The Challenge of Hard-to-Abate Sectors 

While electricity generation is well on its way to decarbonization in many countries, other sectors present far greater 

challenges. Steel production, cement manufacturing, aviation, and shipping collectively account for approximately 

30% of global emissions and are extraordinarily difficult to decarbonize using current technologies. Green hydrogen, 

biomass with carbon capture (BECCS), and direct air capture (DAC) are among the emerging solutions, but all remain 

at early stages of commercialization and require significant cost reductions to scale. 

 

6. Policy Frameworks and International Cooperation 

The Paris Agreement, adopted in December 2015 and now ratified by 196 parties, established the foundational 

international framework for climate action. Its nationally determined contributions (NDCs) mechanism requires each 

country to set and periodically update its own climate targets, with a "ratchet" mechanism designed to drive ambition 

upward over successive cycles. However, analysis by the UN Environment Programme (UNEP) consistently finds 

that aggregate NDC commitments, even if fully implemented, remain insufficient to limit warming to 1.5°C. 

 

The policy landscape has nonetheless shifted significantly in recent years. Major legislative milestones include: 
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1. United States Inflation Reduction Act (2022): The largest climate legislation in US history, committing 

approximately $369 billion to clean energy tax credits and incentives over ten years, catalyzing an 

unprecedented surge in domestic manufacturing of solar panels, batteries, and electric vehicles. 

2. European Union Green Deal and Fit for 55 Package: A comprehensive policy framework targeting a 55% 

reduction in EU greenhouse gas emissions by 2030 (relative to 1990) and climate neutrality by 2050, 

encompassing the reformed EU Emissions Trading System, the Carbon Border Adjustment Mechanism, 

and sector-specific regulations. 

3. India's National Green Hydrogen Mission (2023): Targeting 5 million tonnes of green hydrogen production 

capacity by 2030, positioning India as a potential global leader in this emerging clean fuel. 

4. China's 14th Five-Year Plan climate targets: Committing to peak CO₂ emissions before 2030 and achieve 

carbon neutrality before 2060, while targeting 1,200 GW of installed wind and solar capacity by 2030. 

 

7. The Role of Nature and Carbon Removal 

Achieving net-zero emissions by mid-century will almost certainly require not only eliminating greenhouse gas 

emissions at their source but also actively removing carbon dioxide already in the atmosphere. Nature-based 

solutions—including reforestation, afforestation, soil carbon sequestration, and the protection of existing carbon-rich 

ecosystems such as tropical forests, peatlands, and mangroves—represent the most immediately scalable and cost-

effective carbon removal options available. 

 

Forests currently absorb approximately 2.6 billion tonnes of CO₂ per year—roughly equivalent to 25% of current 

global fossil fuel emissions. However, the accelerating pace of deforestation, particularly in the Amazon basin, Congo 

Basin, and Southeast Asia, is rapidly eroding this natural buffer. Halting deforestation and restoring degraded 

landscapes is therefore as critical as accelerating clean energy deployment. 

 

Technological carbon removal approaches—including direct air capture (DAC), bioenergy with carbon capture and 

storage (BECCS), and enhanced rock weathering—are in their early stages of development. The IPCC AR6 report 

notes that carbon dioxide removal (CDR) will be necessary to achieve net-zero and net-negative emissions trajectories, 

but cautions against over-reliance on unproven technologies as justification for deferring near-term emissions 

reductions. 

 

8. Conclusion 

The climate crisis and the energy transition are two sides of the same coin. The scientific evidence for anthropogenic 

climate change is unambiguous and the window for limiting warming to relatively safe levels is narrow but has not 

yet closed. The technological and economic preconditions for a rapid energy transition—cheap solar, cheap wind, 

cheap batteries, electric vehicles, and increasingly efficient buildings—are now in place in a way they simply were 

not a decade ago. 

 

What remains as the binding constraint is not technology, nor even economics, but the speed and ambition of political 

will and policy action. Every fraction of a degree of warming avoided translates into measurable reductions in human 

suffering, ecosystem loss, and economic damage. Every year of delay in phasing out fossil fuels makes the eventual 

transition more costly and the residual climate damage more severe. 

 

The renewable energy revolution is real, it is accelerating, and its economic logic is now self-sustaining. The task 

before governments, corporations, and civil society is to ensure that this revolution proceeds at the speed and scale 

that physical reality demands—not a managed, incremental transition, but a fundamental and rapid reshaping of the 

global energy system. The science is clear. The technology is ready. The question is whether humanity will act with 

sufficient urgency to seize the moment. 
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