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Signing of statements of intent and launch ceremony 

The Long 

Duration 

Energy Storage 

(LDES) Council 

was launched at 

COP26 

Introduction to the Council Networking lunch 

Source: LDES Council 2021 
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50+ Leading Companies Have Joined the LDES Council to Accelerate 

Decarbonization



Key Principles of the LDES Council

All types of energy 

storage, not just 

electrochemical

For societal 

benefit

Fact-based

Global

Executive-

led

The LDES Council is an 

independent body with 

its own governance 

structure, with the 

mission to accelerate 

energy decarbonization 

through the scale-up of 

LDES
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In 2022, the Council will build upon 2021 insights supported 

by the expertise and engagement of its growing membership
Net-Zero Heat 

(2022 report)

Net-Zero Report 

incl. tech 

Benchmarking

T&D 

Optimization

Regulatory/

Policy Toolbox

Net Zero 

Mining

Energy 

system 

optimization 

Germany 

LDES 

Accelerate

24/7 

Clean 

PPA

Net-Zero Power 

(2021 report)
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Net-zero power: Long duration energy storage for a renewable grid

Inaugural analytical report released in November 2021

1. Excluding potential improvement from implementing market mechanisms, regulatory adjustments, and carbon prices 

https://www.mckinsey.com/business-functions/sustainability/our-insights/net-zero-power-long-duration-energy-storage-for-a-renewable-grid#

Findings: LDES will play a major role in net-zero power systems

60-70%
% renewables of overall capacity 

for widespread LDES 

deployment

~60%
LDES cost reduction expected 

by 2040, driven by scale, 

innovation and supply chain 

improvements

1.5-2.5 TW 
Total deployed LDES 

by 2040

3-15%
IRR range for example 

modelled LDES 

applications1

>50%
LDES as portion of all 

installed power flexibility 

capacity in 2040

USD 1.5-3 tr 
Total investment in LDES 

capex required by 2040 

Renewable penetration and 

LDES cost-down potential…

… leads to widescale LDES deployment 

and positive business cases
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Flagship 2021 net-zero power 

report (November 2021)

https://ldescouncil.com/assets/pdf/LDE

S-brochure-F3-HighRes.pdf

https://ldescouncil.com/assets/pdf/2205_ldes-

report_247-ppas.pdf

A path toward full grid decarbonization 

with 24/7 clean power purchase 

agreements (May 2022)

To be published June 21, 2022

Policy toolbox report (June 

2022)

The LDES Council leverages the deep expertise of its member base to publish insights 

on the topic of energy flexibility
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Flexibility is critical for decarbonisation of 

power systems 

Source: Advanced Research Projects Agency–Energy

Adoption curve of longer flexibility durations accelerates at 60-70% RE 

penetration

Storage duration, hours at rated power

Percentage of annual energy from wind and solar in a large grid

New forms of resource 

management, flexible 

inverters, etc.

New approaches for 

daily/weekly cycling

Seasonal storage

1%

10%

100%

1000%

0% 20% 40% 60% 80% 100%

1,000

100

10

1
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Retirement of conventional, 

synchronous generators 

creates need for new 

sources of grid support 

services, e.g., reactive 

power, inertia

Power supply and 

demand not always in 

balance

Transmission flow 

changes potentially 

require costly and lengthy 

transmission upgrades

RES integration leads to 

new system challenges
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LDES typically offers two major value propositions

Grid servicesEnergy shifting

Time 

horizon Role of storage

Intraday Balance variable daily 

generation with load

8-24 hours 

LDES

Typical 

solution

Multiday, 

multiweek

Support multi-day 

imbalances

Absorb surplus generation 

to avoid grid congestion

24+ hours 

LDES

Seasonal 

duration

Support during seasonal 

imbalances

Mitigate extreme weather 

events

Hydrogen

Grid services offered by LDES 

Note: services 

are technology-

specific

Inertia

Fast frequency response (FFR)

Primary/secondary/tertiary reserve

Reactive power/voltage control

Short circuit level improvement

System restoration/ black start

Intro
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Long Duration Energy Storage deployed in different contexts

Supporting island grids 

Firming renewable PPAs 

Optimising transmission 

& distribution investment

Supporting industries with 

remote and unreliable grids 

LDES unlock many 

different use cases

Morning demand Evening demand

Energy shifting

Energy shifting

Peak solar 

generation

Grid services

Energy shifting
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Many technological approaches tackle the same fundamental need

Mechanical

Store gravitational potential or 

kinetic energy (e.g., PSH, gravity 

based, CAES, LAES, Liquid CO2 )

Chemical

Store energy in chemical 

bonds (e.g., H2, power to 

gas to power)

Electrochemical

Batteries of different 

chemistries that store 

electrical potential energy 

(e.g., air-metal, flow batteries)

Thermal (heating/cooling)

Store energy thermally to release 

electricity and heat (e.g. Stirling 

engines, molten salt)
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LDES capex evolution vs. power capacity additions

Cost performance is expected improve sharply (-60% by 

2040), boosting capacity deployment 

12h LDES capex, USD/kWh 36h LDES capex, USD/kWh 

Central (conservative learning rate) Progressive (ambitious learning rate)

Cumulative installed capacity, GW

12

Global cumulative 

installed capacity, GW

LDES capex (power & energy), 

USD/kWh 

2035

90

20302025

80

2040

140

30

10

2,000

20

40

50

130

120

60

70

100

110

1,000

500

0

1,500

2,500

~55%

~60%

12h

36h

Insights

Cost reduction driven by

 Scale effects

 Technology 

advancements

 Increasing supply 

chain efficiency
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40%30%

80%

20%

70% 60%

~150–400 ~900–1,700 ~1,500–2,500

35%

65%
40%

20%
60%

80%

~5–10 ~35–70 ~85–140

35%

~1,500–3,000

20%

80%

35

~1,100–1,800

2030

65% 50%

50%

2040

~200–500

8-24h 24+hDuration of system:Global LDES TAM by year and archetype by system share

Average system duration increases over time

GW
Cumulative installed 

power capacity

TWh
Cumulative installed 

energy capacity

USD bn
Cumulative capex 

investment
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Summary of bulk power modeling results in key regions

Significant opportunity for LDES across major power markets

Cumulative LDES installed 

power capacity, GW

Cumulative LDES installed 

energy capacity, TWh

Average installed 

duration, hours

Australia

US

Europe1

1–230

Japan

Chile

India

490–840
Extrapolation 

to RoW

1,300–2,300Total

440–600

140–290

125-250

40–80

20–40

10–15

20–400–5

15-25

80–135

5–20

30–40

1–5

0.5–1

0–0.5

Before 2030 2030–40

Modeled

markets

70–7515–20

50–6020–30

35–9014

2515

1810–15

6314

6414

2030 2040

95–1308–10

Source: McKinsey Power Model

1. Europe incl. UK



Europe needs long duration synchronous storage

https://eepublicdownloads.entsoe.eu/clean-documents/tyndp-documents/TYNDP2018/rgip_CSW_Full.pdf

Fullfillment of the 10% interconnection target in 2020
https://cincodias.elpais.com/cincodias/2017/07/10/companias/1499700974_956333.html

Iberian Grid Interconnections 2020

FRANCE/
EUROPE

SPAIN

93GW 2025

125GW 2030

2027

+2.200M

W

submarin

e

15
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Example Spain: 15GW new synchronous generation open in Spanish 

Grid

Almost 15.000MW excess capacity 
available for synchronous 
generators like Malta PHES

https://www.ree.es/sites/default/files/01_ACTIVIDADES/Documentos/AccesoR
ed/Presentacion_SG_CG_10Sept20.pdf

https://www.ree.es/sites/default/files/12_CLIENTES/Documentos/Capacidad_de_acceso_a_RdT_ED_1sep21.pdf

https://www.ree.es/sites/default/files/01_ACTIVIDADES/Documentos/AccesoRed/Presentacion_SG_CG_10Sept20.pdf
https://www.ree.es/sites/default/files/12_CLIENTES/Documentos/Capacidad_de_acceso_a_RdT_ED_1sep21.pdf


Spain’s National Energy and Climate Plan (PNIEC)

2030

17
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LCOS used to compare cost competitiveness of LDES 

in realistic operating conditions

Insights

LCOS is comparable to 

LCOE and represents a 

tool for cost comparison 

of electricity storage

LCOS depends heavily on 

the operations of the 

system but allows a like-

for-like comparison

LCOS

Total lifetime discounted electricity discharged 

Installation

cost

Lifetime discounted

charging cost 

Lifetime discounted

O&M cost

Throughput

 Discount rate

 Nameplate capacity

 Nominal duration

 Utilization

Capex of LDES solution, 

construction, balance of 

system

Round-trip efficiency (RTE)

Ancillary consumption, self-

discharge

Cost of charging energy

O&M opex costs

Replacement intervals and 

costs

27



28

2030 energy storage LCOS competitiveness by duration for selected technologies (USD/MWh)

LDES likely cost-competitive for durations >6-8 hours

Central (conservative learning rate) Progressive (ambitious learning rate) Li-ion LDES 8–24 hour archetype

Source: LDES Council member technology benchmarking

LDES:

higher power 

capex but low 

energy capex, 

making 

duration 

scalable

USD/MWh

Design discharge duration, hours

240

140

16

100

124 6 8 10 14 18 20 22 24
60

80

120

160

180

200

220

Li-ion:

lower power capex but energy capex 

increasing linearly with duration

28

Insights

>8 hours duration, due 

to low energy capex, 

LDES offers lower LCOS
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50
80

100 150

220

200

120

100

140

160

180

280

200

240

260

2030 energy storage LCOS competitiveness by duration for selected technologies (USD/MWh)

LDES likely cost-competitive for discharge durations 

<100-150 hours

Hydrogen turbines (LCOE):

high fuel cost, fully dispatchable

LDES:

Low energy capex leading to low slope, multi-

day discharge durations

Design discharge duration, hours

USD/MWh

USD 2/kg of H2

USD 1/kg of H2

Source: LDES Council member technology benchmarking

LDES 24+ hour archetype

Insights

29

Central (conservative learning rate) Progressive (ambitious learning rate) Li-ion LDES 8–24 hour archetype

Insights

Hydrogen turbines are 

likely competitive above 

150 hours duration
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Today’s power procurement through renewable PPAs still relies on 

fossil-based energy in many hours of the day

In hours of 

renewables 

overproduction, the 

carbon abatement 

is lower than 

carbon emissions 

resulting from 

buying power from 

the grid in hours 

with insufficient 

renewables 

generation

Supply by 

source

MW

Grid carbon 

intensity
High Low High

Hours24

GridGrid

Demand

Solar + wind

generation

Solar + wind

generation
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24/7 clean PPAs enable investments in systems for time-matched clean 

power supply – typically this includes storage

Time-matched clean supplyHybrid system as technical solution for 24/7 clean PPA

Off-taker

Procuring clean power on a granular 

time basis through 24/7 clean PPA 

backed by renewables and storage

Storage enables matching of clean 

power supply and demand

Clean power that is supplied for each 

unit of demand, measured at granular 

time intervals (e.g., 1 hour or less)

Renewables generation

Often Solar and Wind, i.e., 

non-dispatchable generation

Energy storage

Dispatchable energy storage 

enables supply when there is 

no direct renewable 

generation
Energy storage 

charge & discharge

Hours

Demand

Solar + wind

generation

24
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200

150

0

50

250

100

30% 50% 70% 80% 85% 90% 95% 99% 100%

Solar/Wind +

Li-ion

Solar/Wind + 

Li-ion 

and LDES

Source: LDES Council 2021 technology benchmark and report, McKinsey Power Model

Today, cost for 100% clean supply-demand matching often perceived as 

prohibitively expensive – LDES can help overcome this barrier

RES + Storage LCOE for different levels of clean supply-demand matching, 2025

LCOE, USD/MWh

For >80% matching 

LDES becomes key 

to reducing costs

Clean supply-demand matching, %
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Ways to engage with the LDES Council

Download the full report

Net-zero power systems: long 

duration energy storage for a 

renewable grid

www.ldescouncil.com

@LDESCouncil

/LDES-Council

Explore becoming a 

member / partner

Visit our websites and 

follow us on social media

www.ldescouncil.comFor the LDES Council 

 Visit https://www. 

ldescouncil.com/members

 Reach out via email: 

info@ldescouncil.com

http://www.ldescouncil.com/
http://www.ldescouncil.com/
https://www.ldescouncil.com/members
mailto:info@ldescouncil.com

