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Renewables: Driving competitiveness and energy security

690+ GW
Added globally in 2025

Solar PV and wind accounted for 
most new capacity.

>90%
of new utility-scale projects

were below the cost of the 
cheapest new fossil-fuel 
alternative.

USD 480bn
Avoided in fossil fuel 
expenditures

Representing economic benefits.
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Renewables: Declining costs and growing cost advantage

Gas

↓ Solar PV −89%

↓ Onshore wind −71%

↓ Offshore wind −63%

↑ Hydropower +41%

↑ Geothermal +53%

Between 2010-2025, the LCOE has fallen by:

↓ Bioenergy −3%

↓ CSP −72%

In contract, the LCOE has increased by:

• Renewable power has become more cost 
competitive.

• Renewables retained their cost advantage
over fossil fuels.



Solar Photovoltaic



Historical cost trends: Utility scale solar PV 2010-2025

• In 2025, 511 GW were commissioned with around 58% of 
additions being utility-scale.

• China leads deployment representing 62% of global additions
• Between 2010-2025: 

• Total Installed Cost −88% → USD 667/kW 

• LCOE −89% → USD 44/MWh



Total Installed Cost

71%

O&M
• Average O&M costs rose 5% YoY driven by 

higher commercial and security expenses.

• Technical operations, insurance, and 
preventive maintenance comprising  around 
80% of total expenses.

Costs declines continues but at a slower pace

↓
TIC : low module prices, developer 
competition, market scale & 
maturity

TIC : higher BoS costs, import 
tariffs, supply chain constraints

↑

Cost trends and drivers across major markets.



Levelized Cost of Electricity

• At global level, LCOE remained flat at USD 44/MWh, with a 
slight increase of 1%.

• Excluding China, the global LCOE was USD 55/MWh, 23% 
higher.

• India: 35 USD/MWh
• Between 2024 and 2025, the LCOE 

decreased in most of the major markets, 
although the underlying drivers varied 
across markets.

Historical trend 2010-2025 2025



Technology trends: Solar and floating photovoltaics

• Module efficiency: efficiencies close to 25%

• Next-generation technology: Silicon-perovskite tandem cells 
being tested by developers

• AI-driven digitalisation: from project design and construction to 
plant operation and maintenance

• Co-location: solar+storage 

Floating photovoltaics

• High resource potential in specific markets 
with deployment concentrated in Asia

• Land-use advantage enabling solar 
expansion where land is constrained with 
additional synergies when integrated with 
hydropower reservoirs

• Economics is improving reaching a LCOE of 
USD 53/MWh in 2025. 

• Key barriers: Limited FPV-specific policies, 
lack of standardised technical guidelines, 
safety and durability concerns, and availability 
of suitable water bodies.



Onshore wind



Key parameters: Onshore Wind 2010-2025

• In 2025, 150 GW were commissioned.
• China supplied ~3/4 of 2025 additions; US and India 

followed.
• Between 2010-2025: 

• Total Installed Cost −59% → USD 976/kW 

• Capacity factor +9 pp → 36% 

• LCOE −71% → USD 33/MWh

62%

58%



Cost trends: Onshore Wind 2010-2025 

• Future cost declines depend on 
market reforms, efficient permitting, 
stable policy frameworks, revenue 
visibility and continued grid 
expansion.



Cost trends: Onshore Wind 2010-2025 
O&M 
• Full-service contract prices −76% since 2010.
• 2025 range: USD 15 (India) to 91 (Japan) per kW/yr.
• Expected to stay stable as reliability improves.
LCOE
• USD 33/MWh in 2025 (−4% y-o-y). 
• Where capital is expensive, financing can matter as much as 

equipment cost.

• Financing remains a
key cost driver.

-4%



Technology trends: Onshore Wind 2010-2025

• From upsizing to reliability: project optimization 
and resilient supply chains. Wind turbine prices -> 
manufacturers are rebuilding margins. 

• AI-driven digitalisation: from turbine design to 
market-responsive power trading

• Co-location: wind + storage or wind + solar + 
storage. 



Offshore wind



Key parameters: Offshore Wind 2010-2025

• In 2025, 8.6 GW were commissioned.
• China added 6.7 GW, about 78% of 2025 additions.
• Between 2010-2025: 

• Total Installed Cost −48% → USD 2 931/kW 

• Capacity factor +3 pp → 41% 

• LCOE −63% → USD 78/MWh



Cost trends: Offshore Wind 2010-2025

Total Installed Costs

O&M

LCOE

-3%



Technology trends: Offshore Wind 2010-2025

Floating offshore wind

• About 278 MW were 
operational globally in 2025, 
across >15 projects.

• Larger project pipelines, 
standardized project guidelines, 
clearer auction design and better 
permitting are needed.

• Offshore wind: scaling up, deeper and 
farther from shore. 

• Between 2010-2025:
• Turbines 3.1 MW → 10.3 MW 

average; up to 16 MW in China.
• In 2025:

• Water depth: China 21 m, Europe 
39m, and RoW 35m. 

• Distance from shore: China 24 km, 
Europe 27 km, and RoW 18 km. 

• Rotor diameter: China 225 m, 
Europe 198 m and RoW 207 m.

• From upsizing to reliability.
• Outlook: Digital asset management, 

regional grid integration, innovative 
auction mechanisms, and floating wind 
technologies.

RoW: Rest of the world



Dispatchable renewables



Costs and innovations across dispatchable technologies

• Costs for CSP reached low records; they exclusively represent 
costs in China - the only market with deployment in 2025. 

• Higher-temperature receivers and improved thermal storage

• Higher LCOE, as lower total installed costs were offset by lower 
capacity factors resulting from operational design choices.

• Plant modernization, digital optimization, pumped-storage 
integration and operation flexibility.

• Cost trends largely influenced by the specific locations where 
projects are commissioned.

• Enhanced geothermal systems (EGS), advanced drilling 
technologies

• Higher total installed costs and capacity factors, driving a 
slight decline in the global weighted average LCOE.

• Sustainable feedstocks, advanced biofuels, carbon capture 
and storage, and waste-to-energy integration.



Energy storage



Global battery storage deployment

The global energy storage market keeps growing

Capacity additions

reached 307 GWh in 2025 
67% increase compared to 2024

Market leaders

China (53%) 
United States (17%)

Icons: Freep!k, Flaticon, Icons8, Vecteezy

Chemistry

Lithium-ion batteries lead
 utility-scale deployments

Co-location

25% of solar assets included co-
located battery in 2025

Growth drivers
• Declining storage costs accelerating hybrid projects 
• Increased revenue streams (arbitrage, capacity markets) 
• Reduced renewable curtailment 
• Provision of grid services 



Utility-scale BESS deployment cost trends

Costs of installed energy storage fell by:
• -95% between 2010-2025
• 30% year-on-year

Drivers for potential cost reduction:
• Lower soft costs: Faster permitting, lower overheads, and 

standardized project design
• Smarter integration: More efficient system design, faster 

construction, and smoother grid connection

Battery modules dominate 
and represent 56% of TIC



LDES reaches a strong growth momentum

2 GW / 25 GWh added in 2025

 China dominates, with the US following similar growth trends as seen in energy storage markets

Pumped hydro is the most competitive LDES technology and leads deployment

  the technology landscape includes 
  Vanadium redox flow batteries
  Compressed Air Energy Storage (CAES) which is expected to overtake flow batteries in 
  coming years

153 USD/kWh



Key takeaways

1
Renewable power is increasingly cost-competitive

Technological improvements, economies of scale and deployment have driven substantial cost reductions.

2
The drivers of cost are becoming more diverse

Technology remains important, while financing, supply chains, storage, market design and other market conditions are 
increasingly relevant.

3
Co-location is becoming the standard 
Co-location is no longer a niche approach. It is becoming an important model for new renewable projects.

4
Broader innovation can support cost reductions
Innovation in different areas will shape future cost trends and help sustain progress towards more reliable and 
affordable renewable energy across different markets.
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THANK YOU FOR JOINING US!

SEE YOU IN OUR NEXT WEBINARS
www.irena.org/events/2020/Jun/IRENA-Insights
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