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Long-Duration Energy Storage for power system and industrial heat decarbonization. 
Technology assessment of power-to-heat service applications.
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 Global Electricity Demand 2024: ~28,000 TWh

 Energy Storage Global Installed Capacity 2024: 360 GW | 10.400 GWh (~0.03% of demand)
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 In terms of power (tot 360 GW): 
PH 197 GW (55%), BESS 157 GW (44%), TES&ot. 6 GW (1%)
BESS capacity growing exponentially (in 2025 BESS > PH)

 In terms of energy (tot 10.400 GWh), PH largely dominant:
PH: 96%, BESS: 4%, TES: 0,2%

 Today’s ES Energy/Power Ratio (global average):
PH:     >50 GWh/GW (50 h “duration”)
BESS:  2,5 GWh/GW (2,5 h “duration”)

Energy Storage Capacity for Power Systems



—
ES and VRE Penetration in Power Systems

 2022/2023 Global Electricity Generation Mix (IEA, IRENA) 
VRE - Variable Renewable Energy (Wind+Solar) Penetration:   12% (3,400 TWh)

Energy Storage Needs vs. VRE Penetration

Modeling smulation results for the EU power system
Optimizations are possibile

Situation today: 
VRE 12%, Storage fraction 0.03%
 
(10 TWh out of 28,000 TWh)

Typical Zero-Carbon Scenario: 
VRE 80%  Storage fraction 1.0% 
VRE 70%  Storage fraction 0.5%
e.g. out of 28,000 TWh:
 VRE (70%) ~20,000 TWh    x6
 Storage (0,5%)      ~100 TWh    x10

 Impossible with BESS only, needs for LDES
  



—
2030 Perspective: A Global Race for (V)RES and (B)ESS

 Running towards a 100%-RES power system (RES competitiveness is the new driver)
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ES Technology Mix for Future Power Systems

 Pumped Hydro Global Potential (Huge. Deployable?): 820,000 sites | 86,000 TWh

 BESS could conveniently cover the needs for 
Short Duration Energy Storage (up to 10 GWh/GW)  

 PH has to remain dominant and cover the needs for 
Long Duration Energy Storage

 Heat decarbonization through VRE electrification?
Cross-sectoral benefits of Power-to-Heat (eTES) 
and Power-to-X (H2, e-fuels, etc.) energy storage 
solutions.
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The Concept of Electric Thermal Energy Storage (ETES)

Image credit: Systemiq / Breakthrough Energy
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Industrial Heat Demand and Supply

The huge impact 
of the Industrial 
heat:

 >20% of global 
final energy 
demand

 >10% of the 
world’s CO2 
emissions
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ETES Application for Industrial Heat Decarbonization

Image credit: Systemiq / Breakthrough Energy
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ETES Potential Market and Services to Power Systems

Electrifying industrial heating systems globally will 
require investments above € 1 Tn
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ETES Technologies and Manufacturers
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Key Messages
 ES is a game changer, the key enabler of an energy transtition based on electrification and VRE (wind, PV). 

ES and VRE grow up together convergently. By 2030, worldwide, VRE capacity will growth 3x, ES 6x.

 When VRE penetration will overtake 50%, the needs for ES will growth with a slope 100 times higher. 
Es. VRE penetration of 70% (12x, i.e. 2050)  ES x28 (!), i.e. hundreds thousands GWh. Is BESS+PH enough?

 Industrial heat absorbs 20% of global final energy demand and 75% of it is supplied by fossil fuels. 
ETES can provide the power system with ES services (balancing, flexibility, time-shifting, etc.) 
absorbing excess VRE production (VRE penetration >50%) while decarbonizing industrial heat.

 ETES potential market is estimated 3,100 TWh (electrified heat demand) worldwide in a 1st phase (<400 °C),
about 8,600 TWh in a 2nd phase (>400 °C) plus other 8,400 TWh of additional VRE enabled by ETES itself,
for a total potential of almost 20,000 TWh, the same order of magnitude of today’s global electricity demand.

 ETES technologies are ready (TRL 9), competitive, free of critical materials, recyclable/circular, modular, 
site unconstrainted, scalable, easy to install, with long life (>30 years) and long duration storage capacity.

 The needs for energy storage in power system (VRE >50%) and the 
excess of (free) renewable electricity are ETES’ drivers in the long run.
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federico.santi@uniroma1.it 
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Main Heat Electrification Technologies and Benefits
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