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Evolution of Global Solar Power installations

Source: IEA PVPS Trends 2025
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– «Investment in solar PV now surpasses all other 
generation technologies combined» 

– Annual installation rates are (insanely!) high

– Capacity Additions by 2030: 

– Renewables: ~ 4 600 GW

– Solar PV: ~ 3 800 GW

– By 2030, variable renewables will generate 
almost 30% of global electricity supply, double 
today’s level

– Solar is expected to become the largest source 
of electricity by 2033

Solar is the cheapest electricity in history OPEN

Sources: IEA Renewables 2025, Solar Power Europe Global Market Outlook 2025, IEA forecast/SPE mid scenario: ~ 3700 – 3 900 GW

~4 600 GW

You are here
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Main challenge: Decrease costs by increasing volume, manufacturing throughput & efficiency

Level 1 Goal: Make PV a mainstream energy production technology

Solar Power Systems Level 1 OPEN

The job on Level 1 is done!

Solar Power Systems Level 2 –

solve the new challenges for secure energy 
supply in high penetration markets 

Sources: IEA PVPS
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High penetration power markets OPEN

Sources: IEA PVPS Snapshot 2025, Solar Power Europe EU Solar Market Outlook 2025-2030, Rystad Energy Renewables & Power Solution

Solar capture rate: the ratio between the price 

at which solar energy is sold and the average 

electricity prices.
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– Insufficient and old grid infrastructure:

– Significant increase in investments needed

– Modernization of distribution networks

– Doubling of cross-border transmission capacity

– Grid connection queues. 1000 - 1700 GW of RES capacity 
awaiting grid connection approval just in in Europe.

– Insufficient flexibility to facilitate integration of variable 
renewables. 

– Insufficient grid stability services from the “new” 
dominating power sources (black-start & intertia)

High penetration power grids - “No transition without transmission” OPEN

Sources: IEA grid report 2023, Aurora Energy Research and its 2026 European Renewables Market Overview Report (RESMOR), E3G report, EU Grid Action Plan, ENTSO-E Report 2024 System Flexibility Needs 
for the Energy Transition
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– Energy security is no longer just about profitability, supply and supply chains:

New requirements for secure energy supply OPEN

Source Icons: IEA Renewables 2025, uniconlabs

Resilience Flexibility CybersecurityReliable supply chains
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– A hybrid power plant is any combination of production and/or storage technologies behind the same 
conection point (if it is not behind the same connection point, it is often called «co-located»)

– Improves the market conditions and profitability for all VRE power plants by increasing flexibility, and better
exploitation of land and grid/infrastructure

– Improves the economy and feasibility in high-penetration markets on individual plant level

Solar Power Systems Level 2 – Hybridization & storage

Sources: Embracing the benefits if hybrid PV systems for Europes energy transition. Solar Power Europe 2025

Benefits of hybrid power plants

Access to grid Facilitated grid integration due to smoother and more predictable power production 
More effective grid utilization by combining complementary production profiles 
More reliable grid operation by supplying grid services (with BESS)

Profitability Reduced CAPEX through shared electrical and physical infrastructure
Reduced OPEX due to synergistic design and operation
Reduced DEVEX in retrofit projects
Increased revenue by enabled participation in multiple electricity markets

Access to area More efficient land use
More efficient use of existing grid lines

OPEN
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– Battery pack prices for stationary storage fell to $70/kWh in 
2025, a 45% decrease from 2024

Solar Power Systems Level 2 – Hybridization & storage OPEN

Source: Bloomberg New Energy Finance, PV Magazine, Rystad Energy



# 10

– Solar & BESS for continuous, around-the-clock renewable baseload power

– Kenhardt - 150 MW of dispatchable power from 5 am to 9.30 pm year-round, in 
operation from 2023

– 1.1 GW Obelisk solar and 100 MW/200 MWh battery storage project in Egypt (under 
construction)

Examples: Solar & BESS providing firm power OPEN

600 GWh annual production

The combined capacity will be the largest solar and BESS 

installation in Africa and the largest investment in Scatec’s history.
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– Advances in battery and power electronics technologies enable renewable technologies to provide cost-effective
alternatives for grid-stability services 

– Grid-following (GFL) inverters can provide «basic» services like Fast Frequency Reserves – well established in many
markets

– Grid-forming (GFM) inverters are designed to function like traditional synchronous generators 

– Batteries with grid-forming inverters are already deployed at scale in regions like the UK, Germany, Australia and 
parts of the U.S., solar PV with (and without BESS)  grid-forming functions are not available today. 

Solar Power Systems Level 2 – Grid Services OPEN

Sources: Solar Power Europe and Battery Storage Europe Platform Grid Stability 2.0
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– The renewable-energy dominated energy system is variable, distributed, data-intensive and complex.

– Digital technologies will be key for reliability, flexibility, security & profit – for the individual power plant & for the power system

– A couple of examples:

Forecasting and market operations

“The value of forecasts for PV power plants operating in the past, present and future

Scandinavian energy markets”, Øyvind Sommer Klyve, Magnus Moe Nygård, Heine Nygard

Riise, Jonathan Fagerström and Erik Stensrud Marstein, Solar Energy 2023

“Cooling of floating PV and the importance of water temperature”, Torunn Kjeldstad, 

Dag Lindholm, Erik Stensrud Marstein and Josefine Selj,Solar Energy 2021

Performance analysis
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– Reduced dependence on import of fossile fules

– Distribution & Diversification

Solar Power Systems Level 2 – Supply chains, distribution & 
diversification

OPEN
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Solar Power Level 1 – cheap, abundant electricity

OPEN

Source Icons: uniconlabs

Solar Power Level 2 – secure electricity supply in a solar dominated power system

Hybridization Storage Grid-services Digitalization

The new challenges: 

Resilience

Distribution & 

diversification
Reduced fuel

dependence

Flexibility Cyber security Supply chains



Thank you for the attention!

Josefine Selj
Principal Scientist Josefine.selj@ife.no
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