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Technology Providers
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Service Providers
Law firms, EPCs, and other industry-leading organizations supporting the energy transition.

Anchor Members

Industry-leading companies or organization with a strong interest in the energy transition and Long Duration Energy
Storage either as an end-user or a capital provider.

Diamond
Generating
Corporation
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Co-President, Co-President,
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Council Board of Directors Council Board of Directors
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plain sight, governments and grid and regulatory authorities must
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Through this Annual Report — the first in its history — the

Long Duration Energy Storage Council seeks to demonstrate
indisputably that, alongside the accelerated deployment of
renewable energy, long duration energy storage must be elevated

to the core of decarbonisation strategies. Coordinated and
O0000O00MOOnO0mMOiM o000 0mMmMio00mofmimimo0MMIDmMOoo0oOmm
to push long duration energy storage over the tipping point, starting
0 DIDODOMOMIDOIMDMmo0imIInOoMOn MoooOImo0Moomm
0000MODMOIDOODmMIMIMo0 MOImMOMEO0ODMONIMOD M 00Dmomooo
0Moomoamn

00000 0OODO0MiOnoDOnor mimomoobobiMmooo Mmoo
frameworks, including supportive policies, updated regulatory and
institutional structures, streamlined permitting, active government
planning, and required financing, to drive LDES to scale. There is
00U 000 O0mMmOm

00000 DMODOOMOMDIMOo 0 00MO0O0ODmMOmOCON0OD Mo 0 MO Omm
of LDES and pave the way for a cleaner, more sustainable future.
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Chief Executive Officer
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We stand at the dawn of a new era — one defined partly by the
challenges we now face, but more importantly by the extraordinary
0000ID0MDOmM M MDOOD 0000 00MmMOLmbIMmMIDo00OmO0mM M moo
how we power our world, and its momentum is unstoppable. As we
move through 2024, the global community needs to act decisively
— to build a clean, secure and just future.

Wind and solar energy now generate nearly one-third of the world’s
electricity, driving job creation, innovation, and economic growth.
The bold commitments made at COP28, to triple renewable energy
capacity and double energy efficiency by 2030, set the stage for a
MIIMIDO0MO Mmoo ooma

00OnOODMomMOnioomoot DODDIDDIIM Moo 000 DDDmMoOmooo

to unlock the full potential of renewable energy, with the goal
0OMOD0MOMOODMmO 00DON0 I0mMOo00ON0MOmoom M 0On0m mo
not only help us meet environmental targets but will fuel growth,
innovation, and cooperation on a global scale, ensuring that no one
MIDImoomoo

Central to unlocking this future is energy storage. Long duration
000D MOOMT MI000MIDiOoooo 00 MINmiODo0mmo

always available, strengthening energy security and industrial

000 00OINOOO00M DODMIMOMOoDOIDiMoo000 MIMO00mMmoo bo0n M
O00000nmoon 0000DMIMODODOODO0 dnOmMOomodmoommoo

000 MODOD 0000 00MOM MMODO0nmMmoo 0 MM0O0mMo0Dmomaonoa
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Council. We fully support the call for a sixfold increase in global
000MOMMMODmMO000IDmMOmMO00M MODMOMIDOOD 00MINO0MI00nmo
00 MODNMMOOODmMOD DOno0000n0mMO0mMmooooD MOINCmmoo0Momooa
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We congratulate the LDES Council on their inaugural report and
00D 0MODM 0MIOODOn 0mMO 00ODoMOt00mo0bMDDoomomo 0
0MO 00 DOoMmoom
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are increasingly decarbonised, digitised,
democratised and distributed, becoming
vastly more complex and dynamic. Modern
000Mo 0mM DoOmmMOiDDOnomotmomob0moo
0Inomomooooo 0oMmMO0m om0 0mooo
accommodate electrification strategies
0000 DOMOMODImoo000 MmMoommo

Despite this growing complexity, the global

000 0 00MDmMOC MO0mMIoo 000D o0 o
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MIMODMDOnomoOb I 00ODODmo0moomog
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Additional benefits of LDES include grid
stability, resilience and cost efficiency.
000M0M°IO0 OD0MO00mM 0MOnomoomoa
Storage Council shows up to $540 billion in
00000IDOOmMO0M@mDOInm bo0MOfmMimomoa

to 8 TW of LDES, compared to alternatives

to meeting net zero. Coordinated and
0000000 MOOD0MomO0IDOMmoto0m0Onomon
chain is required to scale up LDES, ranging
00 OIDODOMOMOmMOMINMmO00MooMmOo0m o
00000DMO0MODMONO00MO0MOdnoanmomo
[IIIDIMOOMO0 0OODOmMOMmO0O O M o Om o
modelling and planning, and ultimately to the
0000mMo0 DoODODO000000MOno D0 MM momoO
00000 MOODO000Mm DoODDImofmomanooa
action to reap the benefits of LDES and drive it
[DDODMIDNIDOIMOD Momoomo



Key findings of this report:

0000 IooooomomimmmOo0oomm
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systems, including the power
0000 MODOMOooOIDaooomm

0000 OOODDOMIMOODMOOm 000
faster than is currently projected,
000 MOOMOOnOODmOONma oo

M0 ODOOmMO0 000D M OmD 00D om0
recorded in the LDES Council’s
project database, to as much as 8
00 MONO0O0ODODODmOOm Dmoooo
00MO0000MOmooom
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A vibrant community of scale-up
technology providers, corporates
000MIDMOMNOIDDMOND O moo
0 00 000 ODOWomMmoomoo booma
00 00 mMUmOmoomanoomm

000MIDOONOMOOmMO OMmOmMmOmon
IDOOD000Mm mMOomOnmoommoooo
O00MO0 000D Do00MOmmommooommoo
strategies and actions, enablers,

are identified and recommended

for policymakers, regulators,
MOoO0mOommomommoimoomoomo
DMO00MINMOImOINmoOnono 0o o

In this inaugural Annual Report, the LDES Council presents a deployment roadmap to spur
action among key stakeholders and decisionmakers. The report offers a current perspective and
accounting on the global policy, regulatory and market environment for LDES, along with updated

UoMmoianooodomoomoboon

Key reasons to build, deploy and scale LDES include the following:

Efficient integration of VRE:

000MOMMDNOOMomIOIDMmo 0omo
out the fluctuation in renewable
generation, providing continuity
of supply across daily, monthly
Oo0mofDmooOmmoOnin Do a0
shifting), and progressively
MOIOMOIDOODMINOmOom om
0io0OOnOINmobmmoomo
0iD0IO0mMoMDomMOn Moo mobmooo
Ooomo 0o

0000M00MOO0nO0mMOnoomaon
systems:

00 00MO00mMbONOoo oomo
electricity generation with round-
the-clock power, heat, steam or
000MDDMDMO00ODOID DM mo oo
[MO00 D0MIMO0MOoomomoooo
continuously for heating, which
00 O0DON0000MO0CO000o0og
000D O0DOmMIDo0mMbb000oanoo
energy transition towards net-
00MmO momaooo

0 LDES Council. (2022). Net zero heat Long Duration Energy Storage to accelerate energy system decarbonizationl
https://www.ldescouncil.com/assets/pdf/221108 NZH LDES%20brochure.pdf
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LDES technologies are essential for

decarbonisation

Decarbonising the world’s energy systems is
O0000ODNMD Moo DNOOMmMODMmMODmMoooooo mo
development and mitigate the effects of

0 0MDMOOD00ODOODO@MONODO 00 MIDmMoOmmo
(VRE) generation, such as solar photovoltaics
MOODO0M MOODMDMOmOMOMOoo00ODIDmmo
0IDOODMOD0MO0MmOOnomon bobobmanooo
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000IDMDMOOno0In 0000 oMM boMOm bhoooo
I 00 DD MO00MDMINDOMooo bomoo
generation capacity will increase from 3.8 TWU[I
MO00IDMOmMmD MOMo0D°mMmO0Dmoo0oOmo

I MhOODOMTO0mOD DiMDIDONOoMoooOoo

no more than 1.5°C. The International Energy
Agency’s (IEA) World Energy Outlook suggests
that by 2050, installed VRE capacity will
increase further to 28 TW.'MODOOMMMOONOOO

are supported by the COP28 commitment
0I000MOOn 000D IOD MON0O0 00 MmMO0moo
000000ODMOMOOOD0DmMO Momooom

000MOIIIDOD000 D0 MIMODMOodDM MM m
decarbonising energy systems, supporting
greater grid reliability and resilience, and
strengthening energy security, but doing so
necessitates new flexible energy sources.

00 0MDODDMODmWOOODO0 0MmMOoDoMMOnm o
000000000 000D MmO mOnoMMmO0o0 oD mo m
a stable low-carbon energy system.

0000 0MOn0mMOo0mom MmMoLDOno 00 Momo
(INIMOMDMOD0MINOMO00MCO0mWoOmOmm
000MOMOCmE DMO0MO0000UOLo0Mmo bommooo
grid authorities in their efforts to realise their
000MDMODMDMOD 0 0 DoMDOODomomo 0oaoa
g0anomo

The term ‘LDES’ encompasses technologies that store energy in
various forms - including electrochemical, mechanical, thermal
O00Moo0 Mo MINMmooimomiomonomimmoonoo0mm o omom

These resources hold energy or heat for extended periods, ranging
from hours to days, weeks or even seasons. LDES is critical to the
0000MO0mMOOnOM o oMo O0mO0m m

0 MDODODDOMI 0000 00MmDO0MOM 0000MDO000Renewable Energy Highlights 2024https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2024/
Jul/Renewable energy highlights FINAL July 2024.pdf?rev=469292ef67144702b515ecb20575ec7d

0 MIDDDOONO0ID 0000 00MDDOmMOmM 00000 ipling renewable power and doubling energy efficiency by 2030MIIIITOMNINMII 0000 DOMMO0MOM00000m
https://www.irena.org/Digital-Report/Tripling-renewable-power-and-doubling-energy-efficiency-by-2030

0 Assuming 85% of renewables capacity is in the form of variable wind and solar capacity. Insights are aggregated from both IRENA and IEA - Figure 3.16,
page 127, STEPS, APS and NZE scenario - IEA (2023), World Energy Outlook; Table 2.1, page 77, PES and 1.5 degrees scenario highlight IRENA (2023),

World Energy Transitions Outlook 2023; IEA (2024), Renewables 2023
U COP28 UAE. 2023. Global Renewables and Energy Efficiency Pledgell


https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2024/Jul/Renewable_energy_highlights_FINAL_July_2024.pdf?rev=469292ef67144702b515ecb20575ec7d 
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2024/Jul/Renewable_energy_highlights_FINAL_July_2024.pdf?rev=469292ef67144702b515ecb20575ec7d 
International Renewable Energy Agency. https://www.irena.org/Digital-Report/Tripling-renewable-power-and-doubling-energy-efficiency-by-2030 
International Renewable Energy Agency. https://www.irena.org/Digital-Report/Tripling-renewable-power-and-doubling-energy-efficiency-by-2030 
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The decarbonisation of energy systems must increase rapidly to meet

global sustainability targets

Countries with 2030 commitment

to decarbonise power systems: power systems:

MOMmMmo 00m

Countries with 2035 commitment to decarbonise

00000000 0 [0 00m

4o DOmODOD  4p 0000 0D 2 Jifili ()oommoo @ oooomo
& nomomn @ 000 moomon ®pnoomw S ooooo ooomo (4D 0oooooo
@ oo @ oommooo < nomomooo = ommoon £ 1o

-
< 0oomma

() mmo

Countries already with near-zero emissions
power systems’:

G7 countries? need
to decarbonise
power systems to

Global power
systems need to
decarbonise to stay

164 other countries® have
committed to reaching
net-zero by 2050, which

* O,
000 00 < vomooon . & ooomo stay on 1.5°C on 1.5°C pathway will include the power
(9 0000000 @ poommmp  <=0Dm000  pathway system
© oomomon ¢ ) omoooo & nmom g7 countries 12 CA 1eq
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Decarbonisation efforts must also confront
OO momoo oooinOmoo DOnooomo 0o m
heat due to continued population growth,
industrialisation and digitisation trends,

and global economic development. Today,
manufacturing accounts for 31% of global
carbon emissions, while the electricity sector
accounts for 28%.MMO0MOMONOMO OO0

can help to increase the security of supply,
0MOMINO0 MhimMODbOODOD 0 0MWomM M mmoo
curtailments, and unlock new opportunities
not thoroughly addressed by shorter-duration
IDMODMOMODOOONMIiMIDIDOLD bODomoomo
of global emissions in 2021 of different
000DImMOLOMO0 MO 00 Mb0Mo00 0O
0000MODMOOmon

0 LDES Council. (2022). Net zero heat Long Duration Energy Storage to accelerate energy system decarbonizationll

https://www.ldescouncil.com/assets/pdf/221108 NZH LDES%20brochure.pdf
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LDES can enable the decarbonisation of energy usage across sectors

00 00MO0MOmMOMOmMO0Onoomoon 00 00 0nm 00 M0 mMn 00 M0 M0 0000000 o

Agriculture, land
use and waste

. 00 00MO00mOnnoD
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00 00M00M0Manooo — ?&Eﬁﬁ?ﬁﬁ&%ﬁm
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Oil & gas industry 0 MOMO0momm
6 0 MO000N0 MO0mooo 0000mano
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LDES technologies provide power-to-power,
power-to-heat and power-to-x services. 0MMI0mMOMImoom oo
00o0MooobIDmonbmiimodui M mobmom oo MmOmooomnmommoooo
0000 @MOODoO0 00 MONMOMUn oM OMmoOmmn 00 MOMOMO DMOMO00 0oma

grids and maximising the utilisation of this
energy supply, including round-the-clock heat energy expected to come
[0 000N 0 MO0 D0M00AD0MMOD0ano0 00mmom
0ONIMMOmmoOnomomOmo0mooommao 0

IMOIMNIMTMOMINMMOmMO0MOMO0Mmo Mo

0000 MOIOno0mOOD0000MO0Ont Mmoo oo

000MO0MOMONDO0No 00 anooo0Momomona
00MOMODOMDOMONOmm oD om0 0MOmo0m

diversity, but also by the wide range of end

00000D00MOoDmomom
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The four LDES mechanisms for storing energy

_ . LDES Council
Description Duration Members
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Source: LDES Council data
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flexibility for a wide range of
O000n 00000000

Power-to-power LDES solutions provide
energy services, ancillary services and

resource adequacy capacity, which help
DIo0MODoONmMOMnooo00Mmoom oom

000 000MOMONO00000D000MOmMOmO0M momoa
significant benefits today, for example through
deferred or avoided grid investments, and

0 MmO M OmMONOoOnmnonodmoomnoimo 0moo
grids dominated by very high levels of VRE-
000Mo0mMOO0mOmoon

Power-to-heat technologies are key enablers
OOmOO0IImMO00MO0MOOnOmMO0MO0Mmmoo
000MOODMMOomOomooonomo0 0000000000
Mooo0mMmOmMoMmmoo 0 DMImmnooomooo
being deployed globally. Power-to-x converts
OMOOMINONM@MOOMOMNMMOONM 0Mo0mm
mMO00 MOMmoO0000MO0mMO00mo0mo
derivatives, such as ammonia. All these LDES
Moo00mOomoOmmOOmboOnoooomo MOomMoomoo
MOmMOmoInoommomo

0000 MO0MOODoIDfmo0mOdmoomn oo o
(D000 00MOOD DO oM O0000M O DOmomoooo
MOMomMooo0Onoon DO0MmMO0MOmMOODm 00
O0ooOnm 0OomooomoomodnoMbmooommo
deploying solar and wind energy. For example,
in Germany, renewable curtailment cost €3.13
0MIOONMOO0® while in the United Kingdom,
curtailment totalled 6.5 terawatt-hours (TWh)
M0 MOMOO0MON-mMo0mMobONoMD @D 0oo 0
January 2021 to April 2023. Similarly, in Chile,
2.38 TWh - nearly 10% of solar and wind
0000MODDMDM 00MOODImEODMo00RI Mbo 00ma
in South America, the Brazilian Wind Energy
00000MONOmoCOno0On0dnommomoom mmn 0
some BRL 700 million ($128 million) in the

0000MOo0000MO0000Mmo00mMO000MO0mMoO0000MO00000mMO000ma “

past year; while the Brazilian Solar Association
estimated a loss of BRL 50 million between
April and July 2024, and Voltalia — a renewable
energy producer with nearly two-thirds of its
capacity in Brazil — expects that curtailment
will shave some €40 million from its earnings
Mmmooor

Curtailment costs are a result of insufficient
grid infrastructure to distribute or store excess
MO00 DoMmMOooomaomoo

O00Moomoo 00Dno o0 ooo
store excess capacity and
MO0MmMUtimodmnmoooo
existing grid infrastructure

0 DOnmimoiooodoooon
a0omm

LDES offers flexibility across power markets
O00DODOOIIDoonO0MOOnooOnoom om
000MIDD OO DOIDOOIM IO MDINmMOL Mo Mmoo

it in the form of heat, and in turn provides

firm heat and / or steam — transforming VRE
0000MONDONMIMINIOMDOI0D0MoOnmooomo
0D MODODMOCIIDONMO0 MO0MDodmIa
that is continuously available, eliminating the
00000DIDOCODCmMO00mOnomo MoomOoomoom
000MO0ODO0M 0D O00MO0mOOn DOnMmmMOmmom
strategy to reduce industrial emissions and,
through district heating, to reduce emissions
(N0 MDOODO0O0MO00C00mMmOm Om

The LDES Council has
demonstrated that power-to-
Oo00nioMoOnoomMmmmimooon
000000 morm

0 D0MODOGrid curtailment in GermanyID O ONThttps://www.esforin.com/en/grid-curtailment-in-germany/#:~:text=At%20251.2 %20

terawatt%2Dhours %20(TWh,Why %20curtail%20the %20power%3F

ncre-curtailment-skyrockets-as-renewables-buildout-marches-on

BNAmericas. (2024). Chile NCRE curtailment skyrockets as renewables buildout marches on. BNAmericas. https://www.bnamericas.com/en/news/chile-

Reuters. (2024, August 22). Brazil’s grid caps power from wind and solar, threatening renewable projectsl D0MNINITN 00T 0 0 000MMmMO0 MO0MOood

o

energy/brazils-grid-caps-power-wind-solar-threatening-renewable-projects-2024-08-22/

g Long Duration Energy Storage Council. (2023, November). Driving to net zero industry through long duration energy storage. LDES Council. DID0T]
www.ldescouncil.com/assets/pdf/LDESIndustrialDecarbonization_May2024.pdf
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https://www.esforin.com/en/grid-curtailment-in-germany/#:~:text=At%20251.2%20terawatt%2Dhours%20(TWh,Why%20curtail%20the%20power%3F 
https://www.bnamericas.com/en/news/chile-ncre-curtailment-skyrockets-as-renewables-buildout-marches-on 
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https://www.reuters.com/business/energy/brazils-grid-caps-power-wind-solar-threatening-renewable-projects-2024-08-22/
https://www.reuters.com/business/energy/brazils-grid-caps-power-wind-solar-threatening-renewable-projects-2024-08-22/
https://www.ldescouncil.com/assets/pdf/LDESIndustrialDecarbonization_May2024.pdf
https://www.ldescouncil.com/assets/pdf/LDESIndustrialDecarbonization_May2024.pdf

This technology is commercially available, with
000O00MMmMOMAn O 0MOm oM m O 0 000mm
detailed examples show that thermal LDES
(DO00MDOMMOmWOMoo000 MINomModnaooo
0IMOMOD00mMO00 0000 000ODD0mMmOo0omoooooa
M DOMO0MMmMOMDImD Mo0MO0MO0mMmoomon
during low-price periods and discharge during
00OD00mM D00MONOCMIMMmOoDm

00 00 MOmonoommomog
flexibility for a wide range of
0000MO0moOmomoooon

Several countries have a near-term target to
achieve more than 50% of their electricity
00o0MOmomo moomMmidmMmoodmo 0oaoo
support an efficient, reliable grid. The IEA
expects that by 2028, Chile, Denmark,
Germany, Greece, Ireland, Lithuania,
Luxembourg, the Netherlands, Spain and the
United Kingdom will generate at least 50% of
MIIDIOODIDmDO Mo0HDO000MoOo0Onomo
and others, including the United States — aim
to have net-zero power systems by 2035,
MIDOID0 DODMOIDomMoooioOno 0o m
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VRE and required storage durations for

the efficient operation of electricity grids.
LDES is already providing benefits today

in many countries, but these efforts need
MINOOMONO0MO0MDOD DOOODmMOOD0O00mo
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lower levels of decarbonisation, like the levels
0IDO00mMObOMo0OD MO0 0MOo00Mnomooo
expected soon in others, storage resources
with significantly long durations are already
required.

O0000MImoooMmommo
Olhooommoomunoommoon
O0MONOIMOnmOmooma
and more, with a range of
procurement exercises and/
OIDOINOMOo0Omon oomo
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00 0ImUommoomoomomoon
0000 O0MOOmomOoomo

0 MMDMOOnOOIn 00MOmM 00000000 MRenewables 2023 (Figure: Number of countries by potential range of VRE share in annual electricity generation, p.

77)ID0 Mhttps://www.iea.org/reports/renewables-2023

0 00 DOUMDOO0IE/ectricity data explorerI0 O0MIhttps://ember-energy.org/data/electricity-data-explorer/0



https://www.iea.org/reports/renewables-2023 
https://ember-energy.org/data/electricity-data-explorer/
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lllustration of how storage duration needs increase with greater VRE integration™

Maximum required storage duration
(hours at rated power)
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Wind and solar share of annual electricity generation (%, 2023)

Source: Depicted from Albertus, P, Manser, J. S., & Litzelman, S. (2020). Long-duration electricity storage applications, economics, and

technologies. Joule, 4(1), 21-32. ;
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drivers of LDES demand. In practice, LDES OIOo00MOooooo
00000 00 M OM OO IDOm D . .

MOMOMO0IN000 00MmO00mIn0mOOnmoD technologies is required

(wind vs solar); the availability, cost, and [MINoDmooanooo bomo

00000 0000MODMOMDO0000MmOmodnooo0 MMOMOmOmom 0Omomoo00om
O00MDmMO D0 OMMMIMODOMDoo0 momoo O0000NMmO0mMOnmommoon
infrastructure; and the need for clean, firm Moom

capacity, which increases with duration, as

MNOODMOODMmOmmm

0 Albertus, P, Manser, J. S., & Litzelman, S. (2020). Long duration electricity storage applications, economics, and technologies.
0In0MmOMmI0MO000IMOMmMO00mOman



https://doi.org/10.1016/j.joule.2019.11.009
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Capacity accreditation of storage resources of various durations from recent PJM
and Astrape’s studies
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Source: Astrape Consulting. (2023). Reserve Marqin and Effective Load Carrying Capability (ELCC) Study[Ill 00 MINOO0MEffective Load Carrying Capability(
(ELCCQ).

Ultimately, cost-effective, reliable, decarbonised power systems will include an optimal
combination of LDES of various durations as determined by best system planning practices. U.S.
Department of Energy’s “LDES Liftoff” analysis concludes that 26-32% of 2030 storage needs
are likely to be from longer duration resources due to substantial demand for clean, firm capacity.
As shown in Figure 6, the study also finds that among total 2040-2050 US storage needs, a large
fraction is in both inter-day and multi-day LDES.
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U.S. storage capacity by year
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Source: U.S. Department of Energy. (2023). Pathways to Commercial Liftoff:(00 00


https://www.astrape.com/wp-content/uploads/2024/03/PRPA_2023-RM-and-ELCC-Study.pdf
 https://www.pjm.com/planning/resource-adequacy-planning/effective-load-carrying-capability
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Guiding LDES sector growth with global

storage targets

0 0 00MDDCOnomotinooom oDmoomoo
0000000000 OmMOODmobO0DOnmmDm boMnmomo
energy demands and provide dispatchable,
low-carbon energy supply. Formal LDES
00000 0OMDIMOMINDmMOLM 0ooo0mo oo

to guide and incent investment flows and
stakeholder engagement. The LDES Council
0Ino0Mmooo00ODOIn0OnOmEomomMmOonomoomon
storage target on the agenda of COP29
000IDIDOMDOIDIDmMDO0MDDMoODOnmmao o

by 2030 as essential to support the COP28
000DODO0MOmMOMOmMO MOmooo 00momon
[D0MO0 0MOfMDOmMmoD D0 DoODDmmomooo
target, the LDES Council envisages a need
MIDOO00DMO000IDMONOmOmMomoD banooo
MO0 IDMMODMmMOD 0MIDO00mMmMO Momoooo
and up to 8 TW by 2040 to achieve net zero.
To ensure energy system stability, the growth
of LDES must align with the expansion of
renewable energy sources. Otherwise, there is
0IMOMODOOODDO0DmO00MOOn 00D o mmooon
added difficulty of achieving climate targets.

LDES targets provide clarity, direction and
accountability for policymakers, industry,
investors and stakeholders. Quantifiable
MDODDO0MOONoob0mMo0Mmomooo
measured. Storage targets provide context
[MODOMDO00O0MmMO0OID M Ommom booomoo
000MO00MIDIMOIDDO0ID D Oo0Mm 0onomooo
the supply chain. Moreover, clear targets
00000MO0MOMO0MOnDmMO 000MmMo00omomo
such as governments, businesses and
research institutions, fostering innovation and
0000MMODDmMOoomon bodmo

In Europe alone, the revised national energy
and climate plans of 11 countries quantify
00000 00OD0mMO00ODOD oD 0O0Mbomboo om
IDMO0MINMMO0OD0000MOMOMmmMOo00mmm
However, in contrast to many renewable
energy targets that are fixed in national laws,
these goals are rarely binding, highlighting
[MO0n 00ODo00mMIDOMOMOmOMOInooo 000
[MIDO D0 IMOMIDOOnMmDotMDODoLoom Moo
0000MODoODmomo

“Long duration energy storage is one of the key
[MOoDo0mimommimmimon MOmooooo0 dnombmOnomon
O000MOMmOommodm oomooo 0 onooimomoooooon
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[MMOO0MMINODOmMOO 0 0Mmmmomo Moo 00 moodno
address the technical, economic, regulatory and policy
barriers to deployment.”

Tom Kuhn, former President, Edison Electric Institute
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0DO00mMmO 00ODmMmO0mMOnodo D om O0mo updated in 2025 to include clear, actionable
0omoo 0000 hmobMImDOIm mobonanooooo targets for LDES, as depicted in Figure 7.
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Contributions (NDCs)?, and updated every 0 DUMDTOTLmImD 00 DI MDobmmumo

five years, these national action climate support and financial mechanisms for both
OMO0MO 000000 DmOmMmOOno MO0 MMOnOmm regions and countries, ensuring that LDES
00000 OOMOD OO0 00 Mo Omooomon can compete effectively with traditional energy

0000 0MO0MO000 0000 OImo0mn00noan Ooomaoo
LDES Council calls for all NDCs that are to be

Estimated annual LDES capacity needs in 2030, GW
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Notes: Whisker bars represent the following ranges: 2030: 640-1,320 ) )
Sources: Systemiq analysis; Pathway to Commercial Liftoffll0 00T Estimated by working backwards from

net-zero using historical capacity
deployment rates for wind and solar
between 2025 and 2050 and total
addressable market estimates for
industrial heat processes

Figure 8 demonstrates the decarbonisation benefits that LDES brings to the electricity, industry,
transport, and buildings sectors. These benefits include enabling a higher share of renewable
energy integration, supporting the decarbonisation of industrial heat processes, and facilitating
clean electrification.

0 Nationally determined contributions (NDCs) are at the heart of the Paris Agreement and the achievement of its long-term goals. [0 OIO OO0
process-and-meetings/the-paris-agreement/nationally-determined-contributions-ndcs



 https://unfccc.int/process-and-meetings/the-paris-agreement/nationally-determined-contributions-ndcs
 https://unfccc.int/process-and-meetings/the-paris-agreement/nationally-determined-contributions-ndcs
https://liftoff.energy.gov/wp-content/uploads/2023/10/Pathways-to-Commercial-Liftoff-LDES-May-5_UPDATED-v10.pdf
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LDES supports decarbonisation strategies across economic sectors

% Industry
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e m
Electricity boo0) - Transport m-? Buildings
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30% 2% 17% 70% | 4% 76% 16% &81%
1N

Share of } Share of Share of } Share of Share of b Share of Share of [:y“ Share of
renewables renewables* renewables renewables renewables renewables renewables 2 renewables
in 2023 in net zero in 2023 in net zero in 2023 in net zero in 2023 in net zero

*Renewables contains biosources

Source: For electricity - IEA (2024), Renewables; IEA (2023 update) Net Zero by 2050; For Industry, Transport and
Buildings 2023 values - REN21 (2024), Renewables 2024 Global Status Report Collection; For Industry, Transport and

Buildings 2050 values it is assumed the total projected elecitricity supply in the IEA NZE scenario is supplied by

renewables — |EA (2023), Net Zero by 2050 - Table A.1

(DM 000DOmmoDInoano 00 @MDOmoo0
substantial near-term benefits such as
alleviating grid congestion and curtailment,
and, with thermal applications, can support
MOMoo0Moomidnmomomo0oIDmon anooo
benefits of LDES include (see also Figure 9):

en000MINOODMODMOONOINONOOmMOO
systems: Existing fossil fuel assets can
be retired without compromising reliability,
0M0OD0mMO00mMOD ndb DIMODOOo 00Momooo
demand-side electrification — including the
electrification of previously “hard to abate”
000D IIMO00MOONO 00NN OoODOnmomo
000000MOnmoioo0OnDanooooo

ertReduced system costs:MNOOMMNOMNOOMO
are lowered by reducing curtailment, energy
0 00MO0MIMOnD0MO0 M Omm 0000OnOmo
investments. The LDES Council estimates
that by 2040, alongside the use of thermal

energy storage for decarbonising heat, this
0IDMOOMO0MIDNIMIDDDO0IDO000IDDOmMoomm
$540 billion.™

euAdditional system flexibility and resource
adequacy: LDES provides benefits,
MOmOmoo

oo Day-ahead and real-time energy,

oo Frequency response, inertia and black
0DImO0 00 Mmoo

on HMOIMNMOMODIDDOINODMD MobmOmoo
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oo Enabling more flexibility to address
000D OMo0mom

eutEnhanced energy security: 0 00MMNO 00
MINNIOONMOMOnO0mOno 0Mo0Iooo0moo
the use of fossil fuels, which are imported
M 000MO00MO0MOMO0 MDD MO0O0mMOmnoo
00 Mo

0 LDES Council. (2022). Net-Zero Heat: Long Duration Energy Storage to Accelerate Energy System Decarbonization. LDES Council. 0 0 0 00000000000

com/assets/pdf/221108 NZH LDES%20brochure.pdf



http://www.ldescouncil.com/assets/pdf/221108_NZH_LDES%20brochure.pdf
http://www.ldescouncil.com/assets/pdf/221108_NZH_LDES%20brochure.pdf

erHealth and economic benefits:

0000MOo0000MO0000Mmo00mMO000MO0mMoO0000MO00000mMO000ma “

o0 Indirect benefits include improved health from reduced pollution — the Centre for Research
on Energy and Clean Air estimates that $8 billion a day could be saved on the health costs

of air pollution from fossil fuels,’MO00

on The creation of new skilled jobs and the upskilling of existing jobs.

LDES technologies provide a range of social, economic and grid benefits

The overall vision is the equitable deployment
Oano ot 0Omo ModDmmo 0MmMmooapoomoo
security and climate resilience. Universal
00000000 MO 00 MOO000MOmOm MO mmo
fair transition, helping to mitigate disparities
000 00DMODOmO0imoimiboimomomonmooo
MmoomomomioomoomoimomOomomom
example, LDES projects will help to relieve
MODMoOO0MOmMO0 M MII MimMINmoooooamoo
N O0Mmomomooanooioonmooimomooooon
0MOOMMmooomMmmimooom 0mnomoon

To deploy LDES projects at pace and scale,
[MIIMINIDOODO0 0 00moMoLMmotoomomo
are engaged early and included in decision-
0 00O mMoooooom

Following the LDES Council’s global
assessment of the potential benefits of
deploying LDES, stakeholders have conducted
0 0MIDIDOMOmMEO0000 D0MIDOIDomoaDoom
and sub-national level (see Figure 10).

0 Farrow, A., Miller, K. A., & Myllyvirta, L. (2020). Toxic air: The price of fossil fuelslll MO000000M 0OMOOOOD DMIDNIDOI 0 0 0mMO000000M M Mmano
planet4-southeastasia-stateless/2020/02/21b480fa-toxic-air-report-110220.pdf



https://www.greenpeace.org/static/planet4-southeastasia-stateless/2020/02/21b480fa-toxic-air-report-110220.pdf
https://www.greenpeace.org/static/planet4-southeastasia-stateless/2020/02/21b480fa-toxic-air-report-110220.pdf
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Examples of LDES benefits across jurisdictions®

Geography of

case study

Benefit of LDES
(USD)

Description
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decarbonisation of energy systems. To meet these needs, various technologies and market
readiness strategies are being prioritised, particularly focusing on LDES solutions that support
MODMOMODOmmooomoMo0IDOMDDDMOoDImooMimomaoo oo

a UK Government (2022), Benefits of Long Duration Electricity Storage; Zhang, J., Guerra, O. J., Eichman, J., & Pellow, M. A. (2020). Benefit analysis of
long duration energy storage in power systems with high renewable energy shares. Frontiers in Energy Research, 8, 527910; Aurora (2022), Prospects
for long duration energy storage in Germany; Form Energy (2023), Modeling Multi-Day Energy Storage in New York; Systemiq (2024) Catalysing the
global opportunity for Electrothermal Energy Storage; Long Duration Energy Storage Council (2021) Net-zero power: Long duration energy storage for a
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LDES needs to scale up to 50 times faster
than is currently projected

LDES Council modelling indicates that up to 8
00 MON0 D0 MO@OnoimDDOto0mIO0mm oo
2040 for a net-zero energy system. However,
according to the LDES Council’s pipeline
tracking data, only about 120 GW have been
installed to-date and a further 113 GW are
planned for installation, with a projected
O0000IDMAONO0M 0 MDmMOo00OD Moommo ooo
O000000M 000D0DMmMOm 0MOD0mMNODNm oom
0Mmoomoooo 00mmoomodomominmoo oom
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much faster pace, decarbonisation strategies
will lose momentum, perpetuating the use of
[MODMMDOMMDOMO00ON0 MO0 MO0 MDODm 0omo
0 MNOOD0Om omm

The LDES Council has conducted initial
0000 OMIOnO0ID00MO0 D0OD00000mm
000000000 MOmMOmMOOnMomoo0000moon
countries (see Figure 11), broadening the
understanding of how much LDES is required
to meet net-zero targets.

National LDES deployment needs to meet net-zero

Al o ) -
S, United Kingdom 2035 12 61 375-450

‘) Italy 2035 11 56 400
Y .

€5 South Africa 2040 11 58 ~400-450

% USA 2035 110 150 ~6,000

@ Australia 2040 26 30 ~500

0 China 2050 510 785 16,500
A=

‘* India 2050 170 260 6,600
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zero-emission, dispatchable resources that
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reliability, and LDES is a solution providing
both reliability and flexibility.
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benefit in the form of capacity value. When
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evaluate their capacity needs, they add up
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margin. If a system is only 30% renewable,
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Furthermore, the planning entity can future-
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renewables supply and require more flexibility.
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deep renewable conditions materialise,
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that deliver immediate, enduring benefits
I0NIMINOIMNIOMDINID I DODIDDMO0MO0mm
Supportive policies are required to promote
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implemented, utilities,
industrial clients,
governments, and the private
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“Long duration energy storage is a game changer for
renewable energy, enabling countries to achieve their

climate goals by balancing supply and demand.”

Francesco La Camera, Director-General, International Renewable Energy Agency

0 Climate Impact Partners. Fortune Global 500 climate commitments(https://www.climateimpact.com/news-insights/fortune-global-500-climate-
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https://www.climateimpact.com/news-insights/fortune-global-500-climate-commitments/
https://www.climateimpact.com/news-insights/fortune-global-500-climate-commitments/
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A vibrant community of scale-up
technology providers, corporates and
strategic partners is building momentum
for the deployment of LDES solutions at

scale
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LDES Council members have established projects with storage durations of eight hours or more
on six continents, as shown in Figure 12. Funding for LDES solutions increased in 2023, with

roughly 70% of investments consisting of grants and seed funding. The drivers for these projects
0MDO0 MOD0MODMoOn oD Mbanoom oM odn00Ino0 D0 MO0ID 00000 00MIMO0MO0MIMO0 Mmoo
000 0 D 00D OMmMOmOmomomoom
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In Western Australia, the 2023
000D O0OdDmmooooomon
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0000000 00DOMO 000MmoOno
consider a 10-hour LDES option
00 Mooom

Energy Storage Canada finds
savings of up to $4 billion in
000MOIMOMDMOoONoooomomoa
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At the start of 2024, the

0 0O0OOIDOOMOM 00 MmOmomoo

in China released a list of 56
new-type energy storage pilot
demonstration projects, including
0000 0MO000MIMooMommmoon
(CAES) projects.

The irish TSO has highiighted
00MOOn 0MOMINO 0 Moooooo
needed for an 80% renewable
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0DIOINMODMO00MoLMIDom
MO00DImmOMmNO0mo000mImo
under long-term contracts.

These long-term contracts

00 OMDIMO@DO0MOIDmomo
for investors and developers,
reducing the cost of capital and,
therefore, customer costs.

In the United States:

+ California has set a target to
0MO0MDImM 0 MOho b0 momoboom
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MOmMOmOmMmo 00 momooom

+ Maine signed “An Act Relating
WMMO0MOMMMoimoooon
State’s Energy Goals” into law,
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Alongside policymakers, the finance

000 0 00MDIMOD Mmoo 0M 000 0mOmmommm mo
of LDES. About two-thirds of Fortune 500
companies have made significant climate

000 0 D O0M®The LDES Council estimates
that the buildout of up to 8 TW of LDES
solutions by 2040 represents a $4 trillion
MO00M 0000000 ODOIDODoOnoom M Omoaooo
much as $540 billion in system cost savings
O0000mo

Several LDES Council member companies,
including Ceres, Kyoto, Invinity, Energy Vault,
ESS, EOS, Sens and Brenmiller, are listed on
stock exchanges in Switzerland, Sweden,
Finland, Israel, the United Kingdom and the
United States, respectively. This has allowed
MO000mMO00mMOoo 000MOdomom o dnooom Mmoo o
buy shares in their organisations, helping to
provide them funding to expand and scale
Mommoomomooo
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technologies, including Mechanical, Thermal
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extensive geographical reach and diversity
00N00 0O0MOM @O0 mMOtodno0momanoo
energy storage solutions.The LDES Council
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deployment of LDES projects over the next
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deployment and creating an enabling financial
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“Long duration energy storage represents an
opportunity to fill critical gaps in the grid and serve as
AN O000D00INIMODM IDIDMO0Motmodomoo 0im o

homes, businesses and vehicles.”

Dr Vanessa Z Chan, Chief Commercialisation Officer, US Department of Energy;

Director, Office of Technology Transitions
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Operational LDES projects with eight-hour-plus storage durations
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Planned LDES projects with eight-hour-plus storage durations
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Action is needed by stakeholders such as
policymakers, corporates and technology
providers to realise the potential of LDES

solutions

Creating an enabling environment is crucial
for the large-scale deployment of LDES.

0 D00MOWDmMO0000 MM Obmofomooobonoooo
are dependent on very specific locations and
000 0MOOD00MOmooo00MIDo0 DMommomm
the electricity sector, including thermal energy
UM MO0IDMDO00MDIDO0OD Mi00000mM ID 00 oo
incentives and support mechanisms. By
leveraging the strength of advocacy, data, and
thought leadership, the LDES Council creates
a powerful movement for policy and financing
change that is evidence-based, persuasive,
0000m 00o0Dm

The report identifies seven enablers for a
00000MDmMOOIDO0 00OMODoD 000D OOmmo
0MODO00mMOmm mMnmOMOIDMOmmoOMmoomoanog

enablers, and while some are timebound -
“raising awareness,” for example — others
will require concerted ongoing action to fully
0000MDOO0MO0mO0 000m

0000000 oo00Mmoooomoo
OMNOONOmMmOmo0 0Maomon
enablers, there is no country
MM 0MOMOmMOo00moo0Mmmomo
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solutions requires action from several
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Seven enablers to scale LDES
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Key enablers to spur need for LDES

Key enablers to improve financing for LDES

Key enablers
to improve

deployment
of LDES
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and required for the deep and durable
decarbonisation of energy systems, including
(D000 DODO0MD MO0Ono0oMnIDoom 00ooo
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clean energy resources, LDES must play an
MODOMOMIDDOIDDONOD Mo MODL M Dmoomoo
supply efficiently and ensuring a stable and
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scale rapidly to meet these requirements.
00000 0 0 00mM 000Mbmooomo boMmaoo
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VRE supply must be matched by efforts
DMO0mMomoimoommo 00 Inoooomomom
Efforts must be made to continue to build on
procurement targets in New South Wales,

0000MO0000MO0000Mmo00mO000MmO0mMO0000MO00000MO000mo

Victoria, New York, California, Ontario, Chile
O000MDIIN MOOCMOmMO0o00mOMO00DoMoo0 oo
strategies, setting a specific target for energy
storage deployment at COP29 will provide
needed clarity, direction, and accountability

for policymakers, industry, investors, and
0DO000MOMOINMOO0000MO 00 MO0moo oom

The time for action is now, and the

0000000 O0ODD0Mo000ODOn0Onon boommooo
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lies with all engaged citizens, making their
I0MO0IMOIIMONM 0MDOODo DO momo
[MOMOMOOMINiOMO0MOID MDD 00 bODOnoo
0000MONOOODInmo mom

“To achieve energy independence and security in
Europe, enhancing our energy storage capacity is not

just an option; it is a necessity.”

Kadri Simson, European Commissioner for Energy
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heat intensifies due to continued population
growth and expanded economic development
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— as depicted in Figure 15, which shows the
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LDES can enable the decarbonisation of energy usage across sectors

00 00MO0MOmMOMOmO0onoomoo

Agriculture, land
use and waste
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The societal savings from large-scale LDES deployment can outweigh the costs of implementing
policies. Incorporating LDES can help to increase the security of supply, create new use cases
for renewable energy and unlock new opportunities not thoroughly addressed by shorter-duration

UDMoDmMomamoon

We must deploy far more low-carbon alternatives as the world moves towards net zero. The four
0 MIOMONO 00 MoMOnooanomooi MM DD MoCM oMM 0 MOCOMO0IDIDmODO0MDOn 0Mmmo
presented in Figure 16, together with key technology characteristics.

“Long duration energy storage will be crucial for Europe
[ Oo000dmimomoomifdnmooomOmoimommooo 00 mo

energy sources.”

Fatih Birol, Executive Director, International Energy Agency
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The four families of LDES technologies

Description Charge-Discharge Period

Electrochemical
(power-to-power)
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(Power-to-Power)
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(Power-to-Heat)
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Chemical
(power-to-power)
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(power-to-x)
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Source: LDES Council data



The applications of LDES are sufficiently
0MOMOODmO000 omMOMmoOnMmmmeoo0omo
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durations of LDES are applied to different
sectors. There are five applications for LDES,
associated with power-to-power, power-to-
heat and power-to-x functions.

Power-to-power applications include grid-
scale participation, micro-grid or distribution
system participation and off-grid applications.
Power-to-heat provides heat for downstream
processes, while power-to-x chemical
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the different applications for LDES. These
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Five applications for LDES
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Although power-to-heat LDES technologies are already competitive in specific site locations,
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market prices. As market access for power-to-heat LDES increases, the benefits of LDES
applications can provide response to real-time energy dispatch instructions, balancing services,
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Figure 18-20 break down the various applications and use cases for each LDES technology type,
00Mmo0moanom

OM 000000
Services provided by different technology mechanisms (power-to-power)
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= solution alternative to
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on external power sources

Source: LDES Council data
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Services provided by Thermal technology mechanisms (power-to-heat)

Theermial
Ipawur-to-teal)

Heat - heat generated from electricity is stored and then used as process heat or Q

Decarbonisation :%T‘@:, cooling when needed, or as space heating

of industry,
agriculture, and

transportation m Foy Chemical — used as the basis for industrial processes in the manufacturing of
-".iés

chemicals, fertilisers and fuels
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Services provided by Chemical technology mechanisms (power-to-x)

E;m[ Heat - heat generated from electricity is stored and then used as process heat

Decarbonisation = or cooling when needed, or as space heating

of industry,

agriculture, and .

transportation g Chemical — used as the basis for industrial processes in the manufacturing of @
By chemicals, fertilisers and fuels

Source: LDES Council data
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include revenues from resource adequacy
capacity, energy, reserve capacity, grid
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to incentivise development, alongside
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necessary to scale and meet the up to 8 TW
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off-grid and other services. Not all markets
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assets, which increases overall system costs
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Identifying need and building on durations
to address flexibility and market access will
lead to additional deployment to scale LDES
solutions.
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The Deployment of LDES to replace coal plant infrastructure has begun in different parts of the

0 OOmm

Box 1 presents a range of LDES projects that have replaced coal plant infrastructure to provide
(D0 MD 0000 TN Mommooo

Retrofitting Fossil Plants with Long Duration Energy Storage

0 000MOmOMOCMO0MO0IDOD DODMOMmooo

be repurposed with LDES, enabling them to
transition to cleaner energy while using existing
infrastructure. Instead of decommissioning,
retrofitting allows these plants to keep their role in
00N MO IMOOmOM 0ODO0@OmMOODM MO0 [MmMoomaon
IMMO0MOOMO 0ODOONOMOODO00 00M@mMDNOOmoma

0000 MOmD0MOMOID0Mmi0dDOmo000moo0000
inertia, reactive power, and reserve power, similar
to what traditional fossil plants offer. Some sites
000MmMOmMOmMO0O0MOODMO00MIDOM 00DO00mMmomm
industrial use, further boosting their economic
aomoo

@ Columbia Energy Storage Project: The

Columbia Energy Center in Wisconsin is being
retrofitted with a CO2-based LDES system

by Energy Dome. When operational in 2025,

it will provide 18 MW of power for 10+ hours,
highlighting LDES’s role in repurposing old coal
0momo

@ Malta’s Pumped Heat Electricity Storage

(PHES): Malta’s utility-scale PHES system
stores CO2-free variable renewable electricity
000MO0O0IDOMI MM MO 0MOO0 MIMoooomoooog
electricity, effectively replacing gas-fired power
00 MIDOOODMONDMO0MOmMOD MmMOooomooD
turbomachinery of Malta’s PHES provides
auxiliary services to grid operators.

@®[Using its own iron flow battery technology,

ESS, Inc has partnered with LEAG, an operator
of large-scale lignite mining and coal-fired
0000MNOONmMOOMIMD 0 0O0M IDMIDNmmoa
to transform this coal-dependent region into
Germany’s “Green Powerhouse.” LEAG plans
IMOO0MOMOO0m 0 MOmO00 00 MIMO00MmOnon
paired with 2-3 gigawatt-hours (GWh) of
000MOIMDMOOIMO0MI 0 MODDO0mOoomoooa
production. Combined, these technologies
will create a net-zero baseload energy system
which, when fully operational, will not only
replace baseload coal generation, but also

0000 00 ODMOMIDOmMODMOMIDINO0ODODOma
00Moomom

®lIn Australia, which is renowned for its mining

industry, many operations are powered by
off-grid diesel generators. These mines, often
located far from the national grid, rely on
fossil fuel-based power systems to meet their
000MOmMO00 OO0 DOMOOnO0000mMm 0000000 0mod
decarbonisation, there is growing interest in
MOMOMOMmMODINOO00MIN MM IMINO000 00mo
energy solutions (see the LDES Council Net
Zero Heat and Industrial Decarbonisation
MODOTMON 0 0 d00000000MMOD 0o 00mam
00000 00MOMmMOmMO 00 M0MONDMO00Moomog
off-grid mining profitably, with the economics
varying based on fuel cost differences (the
primary driver), carbon taxes and renewables
000MmMO0ODo00monm

@Sumitomo is developing liquid air energy

0DIDO0NO 00 MDOO00MODOD W DOMOnom mmo
liquefied natural gas terminals and off-grid
mines, among other facilities. LAES is a long
duration, thermo-mechanical energy storage
system that stores energy by liquefying air at
0MO000MIND 0OMINMOINO0DMMODoomomona
DO0DMOMODOIDMNOMOODIIDDIMO0 0Ob 0000
renewable generation is insufficient. In one
case study for an off-grid nickel-cobalt mine,
000 M0 0 00000 MINOOME Moo 0ODmomoa
MW of onshore wind, 84 MW of solar PV and
OO 0 MOO0mMOomo D IDMOmM 0 MDNooomoo
power and 400 megawatt-hours (MWh) of
0DMO0MOCOOMINO0MODmMOMOn D Momodoom
this set-up could meet 76% of the mine’s
O00MOmWOD O00MOmMO00mM MO0Omomoooona
lithium-ion battery capacity. By integrating
renewable energy with LAES, the mine could
significantly reduce its reliance on fossil fuels,
DOMDOMODONDmOmMmOLmo MObmOoomooo
IDDOIDOMOINMD 0MDOOMmMO0IDOomog
Ooomo a



According to the International Monetary Fund,
“It’'s sound economic logic to pay for the
(DOMO00 O0ODODDOID IMODooo 0omidDonoomo
00DO0MIDOmMOm 0000ODD DI 0ODo0m I 0 00
of dollars.” And LDES can bring even more
savings by charging during excess renewable
production, decreasing curtailments and
providing flexibility services to address load
O0MMMOmOm DODOMMOmmMOMO0Ono0 dDmomo
O0mmOononOmmoooonmo
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Among other things, they play a key role in
0000 MOODmMO0@MOODo0mMO0mMO00MDom moo

[0 OOIDO0IMDOMDO00mMO0OD oo o0oOnomm
MIMODO0MOODDOMmOMmD 000Dmoomooooan
greater integration of VRE, affording a variety

of benefits to local economies by mitigating
fossil fuel use, lowering customer costs and
promoting clean air quality.

Beyond isolated energy systems such as
off-grid and microgrid systems, smaller island
nations are implementing cost-effective
decarbonisation pathways, especially for
MIIIIOOmmon DODOomED DO 0O MOMomoo
to avoid blackouts during off-peak seasons
for onshore wind or solar PV systems, while
OmMOMo0DMmOmoonomoomodmoommomooa
UIN00MO0MOMO0MO IDOmO0omOD M0 o [
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00000 MDOmMOomoo Momoo
from clean energy resources,
O0MmDMOIDm 00mooo
000ID0000MIDOOD o0oMmooo
by addressing risk mitigation,
[ 0W0MOMINmMoomMmanooo
MIDMoooomMmom 0Ommooa
000000 MMOODDooMmom

“Solar, already the most
000000 MOMMOOMOoMmOonoo o
electricity globally, will further
OO0 MO0MMOMmOO 000mmoo
advantage. Combined with

long duration energy storage,
solar becomes a continuous,
reliable 24/7 energy source.”

Dr. Ajay Mathur, Director General,
MIODOOOmOO0n 0MOD MDooo
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LDES resources store energy through four different mechanisms: electrochemical, mechanical,
thermal and chemical. Figures 22 to 29 present some examples of LDES projects and further
detail including specific technology, market readiness, round-trip efficiencies, and geographic
footprint. This section examines the technological readiness of the four mechanisms and provides
insights on the work and cost data of LDES Council technology members.

Market readiness of Electrochemical (power-to-power) LDES technologies

0omoom

Electrochemical

(power-to-
power)

o oo o 00N, g oo
‘ég’t‘tzfr‘ii:;" Flow — | 0moo 0000 W 00mo
:-IlchFl’u;\lr1l\/||(c):r)1 000 0 0w | omo — (0000 = 0000
Sodium-lon S Dmm'ﬂ | omo E— 0000 m 0mo

Zinc Alr 00mmmoa 0 I]EI]I]]]II] BB —— W oo

Zino Bromine — Dmm‘ﬂ | oma I 0mOo W 0mo

Iron Air S Dmm'ﬂ W ooo = 00m00 | 0moo
Non-MetaI 1 —
chermical = oo oo poomons

000MOMOO0mM 0MOnomoomom MMoom D000MD DMIMO0MOMOMDD M 00 00mm

Electrochemical LDES projects - deployment updates

Electrochemical

0 0ODMmO0mon
Technology launched
their first all-
vanadium flow battery
production line, which
is expected to reach
O0MO000ODO0000mo
of 1000 MWh/ year in

0ooo

In March 2023, i-Battery accomplished the angel round investment
financing by three top venture capitals. Simultaneously, it has carried
out exploration research for four generation battery paths and signed
9 strategic cooperation agreements in the global market. In October
2023, the first all-vanadium flow battery intelligent production line was
officially put into operation, with the capacity reaching 300 MWh/year,
and the annual capacity in 2024 will reach 1000MWh/year. i-Battery
utilizes its unique stack hybrid sealing technology to achieve 0 leakage.
Its products can achieve 100% zero attenuation deep filling and
discharging. They also just closed Series Pre-A find raising with 6M
USD.




Electrochemical

Redflow announced
000000 Omnoomo
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Redflow has seen significant global growth in the long duration energy
storage market and this year have announced over AUD$50 million of

o redflow 0 IO00N000M0Manoa 00 MO0 I MOMON0O00DMOIDOINDMO0MDO 0 0M00MOM Do000mono
O000MOmmmooo project, a 34.3 MWh energy storage project for US Department of
0mmom Energy and two Departent of Defense projects for 1.2-1.4 MWh

0 MMOONONMm 00 M0MD DDMDODMO0MED 0D Dh00Ihm DO0MD [ Mamon
in ltaly, 6.6 MWh Barona Community LDES Project and the California
Energy Commission funded 15 MWh Paskenta Microgrid project.
Redflow has delivered more than 3.2 GWh of storage capacity to over
000MOOnommOomonmon o0omo
—=llcCube 000 000moomomon The Journal of Energy Storage published the article “Long Term
! their Commercial Performance Evaluation of a Commercial Vanadium Flow Battery
Vanadium Flow System” by Yifeng Li et al highlighting a CellCube FB10-100 system.
0 000N O0mMmAO m The CellCube system has been in operation for 14 years. The system
O000MMmoomma required four minor maintenance operations. A 5% capacity loss was
financial benefits in proven to be reversible, and the system restored to 100% capacity by
the last 14 years electrolyte rebalancing. The study concluded the CellCube system and
electrolyte exhibited “stable performance and very little capacity loss”.
CellCube’s current 4th generation commercial products incorporate
significant advances in stack technology, electrolyte chemistry, and
000DMm 000000 00O000mo 0o
@ STRYTEM  Stryten Energy has O0IDIDOMO0MOmDO 0 00 DDMOOD0OnOMINONOMOmDmooocoooo

won funding to build a
000000 MINOOnommAa
0 D00MOMOmOommon

vanadium redox flow battery (VRFB) at Snapping Shoals EMC, a utility
provider in metro Atlanta, to demonstrate VRFB’s energy storage
capabilities and evaluate new utility use cases for the cutting-edge,
long duration technology. Stryten has also been awarded DOE MAKE
IT Prize funding to build a vanadium electrolyte manufacturing plant,
a critical first step to establishing a scalable and vertically integrated
domestic supply chain to support the growing VRFB energy storage
000 0 MIDINDOOnOobOmmmooca
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00000MOmoooman
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8 GWh LDES

0 000MOMOnommao

Eos Energy Enterprises has achieved a significant milestone with the
conditional approval of a $398 million loan from the U.S. Department
of Energy’s Loan Programs Office (LPO) for Project AMAZE, an 8
GWh manufacturing line. This is the first LPO loan granted for LDES
technology, marking a pivotal moment in the industry’s development.
The funding will support the expansion of Eos’ manufacturing

00000 MINOODM O0ODDmMIO WomMO0 000 IDOD D0 0MOnbmoomen
storage solutions, reinforcing their commitment to innovation and
O00MIO0MDONOIDDmMoO0mOmo0mm

EnerVenue has
000nOMOmomm
projects in the US,
Europe, India, China,
the Caribbean and

In the last year, EnerVenue has delivered pilot projects with major
commercial energy users, independent power producers, and utilities in
the U.S., Europe, India, China, the Caribbean, and South America. The
company is currently developing its fourth-generation Energy Storage
Vessel, which is the unit that will be produced at scale in 2025 and will

ENERVENUE South America be shipped in the company’s plug-and-play Energy Rack building block
O0mOnDOn N Mo Mmool mom 00MO0M0000O000MO0 0o00OnmM 0Mnoamon
a differentiated solution and has been recognized by Time Magazine as
one of America’s Top Greentech Companies in 2024.

Noon Energy has been 00MINOO0MOM MMOO0mMInOmoo 000ODOUomMo0mMOotmoD boooaomo
. awarded $8.8 million 100-kW/10-MWh system aimed toward improving grid reliability and
NOo:on for the deployment resilience for disadvantaged and low-income communities. The system
E N ',: H. G ¥ of a 100-kW/10-MWh will balance seasonal variability to enable 100% solar power available

OMmMOOmoomo
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Market readiness of Mechanical (power-to-power) LDES technologies
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Mechanical LDES projects - deployment updates

AR AR TR

Sage Geosystems has
[MIIO0M 00 00D 0mnoo
for its first commercial
00 0 IMMOOONO0mO
00000 000MOo0mon
Geothermal System
(GGS) technology

Sage Geosystems was successful in closing the first $18 million in their
Series A funding led by Chesapeake Energy and joined by technology
investor Arch Meredith, Helium-3 Ventures and with continued support
from existing investors Virya, Nabors, and Ignis Energy. The proceeds
will fully fund Sage’s first commercial SMW energy storage facility
000000 MO ODNDINM 000MOCOMOM DO0MOm DD 00D oo om
technology. Sage’s energy storage technology (called EarthStore™),
IO 0ODO0MOMIDCOmMD M@ DIDDOD0O0DMOmMOMDmMO0000D00moo bboa
storage hydropower. It has a round-trip efficiency (RTE) of 70-75% AC-
to-AC with a duration of 4 to 24+ hours, and water losses less than 2%.
Storage capacity per well is 3MW using 9-5/8” casing and 5MW with
13-3/8” casing. Sage Geosystems is building a high-pressure Pelton
turbine (5,000 psi and 3MW) for this first commercial facility.

N

ENERGYODOME

fur wnes o gan wslt,

000MD0Om 00 0mooooa
construction on the
first 20 MW/ 200

MWh CO2 battery,

and have received
funding for a CO2
000DMOD00MO0MOmo
DI 0 M0 00 OMIDom o
0 MOOo00m

Energy Dome has begun the construction on the first standard-frame
20MW/200MWh CQO2 Battery in Sardinia, Italy. This project, funded by
Breakthrough Energy Catalyst and the European Investment Bank, is
slated for commercial operation in 2024. Moreover, Energy Dome and
US Utility Alliant Energy have received funding from the Department of
Energy’s Office for Clean Energy Demonstrations for a standard-frame
CO2 Battery in Wisconsin. The Wisconsin project, expected to be
operational by 2026, will repurpose a retiring coal facility in Columbia
County, WI.
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# Sl.l mitnmu 000 OO0 0moooa o Sumitomo SHI FW (SFWH) is actively advancing its energy storage
EHI-FW 00000000MmOomo projects. SHI, parent company of SFW is constructing a 5SMW/20MWh
00D O00MOm Mmoo Liquid Air Energy Storage Plant in Hiroshima, Japan, with commercial
0DDOMOnmoooomooo operation expected by May 2025. This plant is a commercial pilot
oo project funded entirely by SHI’s investment. Additionally, SHI is an
investor and the sole technology partner of High View Power (HP). HP
has closed £300 million in funding and is now building the world’s first
commercial Liquid Air Storage plant in Carrington, United Kingdom. The
50MW/300MWh plant, with main investors including Goldman Sachs,
Centrica, UKIB, and Rio Tinto, is slated for commercial operation by
00O0moooo
':;'I AUCWIND Augwind announces In Q2 2024, Augwind announced an improved round trip efficiency

improved RTE

(RTE) of 47.3% at their 0.5MW/1MWh demonstration facility. This
significant milestone substantiates Augwind’s capability to achieve a
60% RTE in their next demonstration, showcasing their commitment to
O000D0MDMO0MOMMMOLDONDO00mom

I-'I HYDROSTOR

0 00MOmMOm 00000000
A-CAES with Key

0 MmMOMOnm 00000m
0 0mmmMmmoon

0 00010

Hydrostor’s Advanced Compressed Air Energy Storage (A-CAES)
technology offers low-cost, emissions-free, long duration energy
storage. Validated by a $250 million investment from Goldman Sachs
and the Canada Pension Plan, Hydrostor has two facilities in Canada
and 700 MW in late-stage development. The Willow Rock Energy
Storage Center in California will provide 500 MW of storage, supported
by a 25-year PPA with Central Coast Community Energy. Additionally,
the 200 MW Silver City project in Australia has secured a Long-

00 MOMmOmM OO0 0000 MDONomM 00 MOC0MO 0O00D00MODmo Mmoo
agreement for backup power in Broken Hill.

000 0ODNmO00mMOmon
0000NMmomoma
000000000 moo

SENS recently secured full ownership of two of the key sub-projects
within the energy storage project in Pyhasalmi, Finland: An 85 MW
battery storage system (BESS) and a 75 MW underground pumped
storage facility (UPHS). Both projects have ready-to-build status and
0T DO0OO0 DMOMOD 0MONOm MIN0MOITMINbo0MIDo00MMOmoea
UPHS power plant will utilize the existing Pyhasalmi mine structure and
[MMOO00MOMO0MO0MOMINMOOMOOMD i MMMDMMOLmMO0 0MDmm
530 MWh and a maximum output of 75 MW, it is designed to balance
O00MOMO0CMIMO0MOC 0000000 0DMmMOiMobtmMOMOOn DMoMOINmMmomo
adjacent to the energy storage cluster, one FPV 40 MW solar park and
000INOCMOO00MOm O MOmOnomom om

melnpmunt

Rye Development
awarded $81 million
for Lewis Ridge
000 000mMmooa
Ommoo

Rye Development, a U.S. leader in pumped storage hydropower, was
awarded $81 million from the U.S. Department of Energy Office of
Clean Energy Demonstrations to support the Lewis Ridge Pumped
Storage project in Bell County, Kentucky. The project will create around
1,500 construction jobs and provide 287 MW of capacity and eight
hours of storage. Upon completion, it will be one of the first pumped
storage hydropower facilities built in the U.S. in over 30 years and

the first located on former coal mine land, contributing to the region’s
O00MOOmoo00mOLD M 0Mmmaoon
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Market readiness of Thermal projects and LDES technologies
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Thermal LDES projects - deployment updates

& ANTORA 0O0MmMmoomoo Antora Energy raised a $150 million Series B funding round led by
announced its first Decarbonization Partners, a partnership between BlackRock and
large-scale thermal Temasek. This financing round will enable Antora to ramp production of
0000 O000MOMOmnan | its factory-made thermal batteries to deliver billions of dollars of zero-
OO0 0 O mm emissions energy to industrial customers. Last year, Antora announced

its first large-scale thermal battery manufacturing facility, located in San
Jose, California.
@ MGA MGA Thermal raised MGA Thermal is pleased to close their Pre-B funding round at
! THERMAL 000 D00 Omnom approximately $14 million, with the recent installment of $5.7 million
whichwill be used to 00000000000 M 0OMNDO0OD 00000 MO0 D 0000 DM MO0O00moomo
prove the scale and and industrial capabilities of MGA’s thermal energy storage systems.
MO000TNONO000 Mmoo 00MIDO0O0M DOMO000ID0@ MMM MIMDANC00MMONDMOMOM Dmo
of their technology Sequence, Melt Ventures and new investor JEKARA. The funding brings
its total funds and grants raised to date to approximately $28.8 million.
NN Alfa Laval is working Alfa Laval is to be the heat exchanger partner for the EU-funded
'-_ﬁ "ﬁ"l._ on validating a new development project SCO20P-TES, where together with its 13 partners
h path in Power-to- from 10 countries it will validate the use of super-critical CO2 as part of
Heat-to-Power energy a Thermally Integrated-Pumped Thermal Energy Storage project. Alfa
OMDMO0mMOmOomon Laval aims to validate a new path in Power-to-Heat-to-Power energy
IDDMO0MOMONO0MOMOINMDMOOCMOODO0moO
KRAOFT Kraftblock has Kraftblock raised a total of €20 million in a Series B financing round
BLOCDK raised EUR 20 led by Shell Ventures. The VC arms of Techint Group and ArcelorMittal,
million, which will be as well as the largest private bank in Spain, a US investor and the
0O000O0MO00mMmmmA European arm of SBI Holdings, invested in the high-temperature energy
their mission to 0MmMO0mMOD 0000mMOm 0D MOIDDL0M MD000D0O000 000 INOmom
0000MO0M0mMmmoooon expand its staff and project activities in Europe and worldwide. It will

heat in industry

0000MIODMONLOm MOMOODMO00MO0MOM M O000MO0OI ID00no 0o
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Shell has deployed a At Shell’s Zhuhai plant in China, which produces lubricants and greases, a
thermal energy storage MO OIRODMEMIDMODIMOOME MOCMOCOODdDO000DMDDIIMO0Mme d00moooo
system in one of their diesel fuel with renewable electricity to generate the process steam required
plants, expecting to reduce iy QoNMOMODOMNOODOOMIDOOMMMOOMONGMD [T MDDOD MOMDO0 0
0mONMNONMONO0INO0MO00 production and is expected to reduce the use of diesel by 300 tonnes and
NO0QnMmD momO0mOmoon CO2 emissions by more than 900 tonnes a year.
MO0mmoon )
Rondo Energy Secures Rondo Energy has secured €75 million in financing from Breakthrough
ROMDO 00000 Ol 000 M0 0 00000m Energy Catalyst and the European Investment Bank to fund three pioneering
b 0 000M00moonoo MOODOMINoO0MO0mMOON M MIMLMAN M 0MODOD D000M M MOMD Mmoo moo
0 MDO0OONmomon Rondo Heat Batteries (RHBs), which convert intermittent renewable
electricity into continuous, high-temperature heat and power. The
installations will serve the food & beverage, chemical production, and clean
fuel sectors, providing cost-effective, zero-carbon energy solutions.
O ENERGYNEST ENERGYNEST’s ENERGYNEST’s ThermalBattery has been commissioned at Avery
i ThermalBattery Dennison’s plant in Belgium, in collaboration with Campina Energie and
000 0 OmMO00mOn00mo Azteq. This project, combining Concentrated Solar Thermal (CST) and
Dennison’s Belgian Plant thermal storage, will save 2.3 GWh of natural gas annually. Additionally, last
year saw the start of construction for another ENERGYNEST ThermalBattery
at ENI in Italy, further expanding their innovative energy storage solutions in
oomooo
’ﬁﬂm Malta’s Pumped Heat Malta’s PHES technology is a synchronous long duration energy storage
000MOmMmMmMO0Onoooo 000M0 MO0MO00ODInCMooOnD0MOD0MO0MOODO0 000 MOMmMOm mMommeo
essential grid reliability services such as inertia, reactive power, and short
circuit current. Utilizing a heat pump and thermal storage, Malta PHES
generates over 100 MW of clean, dispatchable power and heat, maintaining
0 MmO mDMO00MOMO0 M 0OID 00 0O MO MOINMDINOMIno000mooa
supports the reliable deployment of renewable energy by filling the critical
gap left by the loss of conventional power plants, ensuring a stable transition
to a carbon-free energy future.
K xﬂxﬂ Kyoto Group launched The Kyoto Group marked a significant milestone on the journey to electrify
their first at-scale the huge, and currently fossil-based, market for process heat. Their first
‘Heatcube’ in Denmark full-scale Heatcube at Norbis Park in Denmark became operational and
was connected to a Al-powered DataOps platform. Kyoto was honored
with the prestigious Energy Transition Changemakers award at COP28.
Among a number of highlights last year, another key one was their strategic
partnerships with, and investments from, leading utility Iberdrola and
thermal energy leader Spirax Group and the commercial order for Heatcube
delivering Heat-as-a-Service to KALL Ingredients.
':-,L 0000 DO 00mMoomo Over the past year, Brenmiller Energy has signed two innovative projects
F EHEHM]U-EH installing 2 thermal MDO0OO0O0MOOONDO0mMD0mOOn0Onan0ON00 MO0 M 000Mo0mMmo0mMmonmo
0000 MO0mMOmm healthcare sectors. A 32-MWh Thermal Energy Storage (TES) unit, soon

one of these is projected DDOONDMODOMODNM 000MOMONDmmMOOD 0MDINmO 000MO0IDDmMIMO0INmom

[MOOO0000MO0MOmOnmo Heineken, is projected to reduce energy costs by $7.5 million over 15 years

by USD 7.5 million over using solar energy and off-peak electricity. Simultaneously, the public

OOomoom Wolfson Hospital has signed on to save up to $1.3 million annually with
Brenmiller’'s bGen™ ZERO system, aiming to reduce emissions by 3900 tons
per year. These initiatives showcase Brenmiller’s cutting-edge technology
and highlight a global shift towards sustainable, cost-effective energy
solutions with significant economic and environmental benefits.

BUILD TO 7ERC 000DONmMOMmMO0M 00O | Build to Zero has signed a commercial contract with the chemical company

Partner for Europe’s Dekitra to install a First-Of-A-Kind (FOAK) ThermalBox® unit. Build to
First Net Zero Chlorine Zero manufactures the Electrothermal Energy Storage (ETES) equipment
ooomom known as ThermalBox® available in standard sizes of 2.5 MWp(th) with 14

MWh(th) storage, and 5 MWp(th) with 28 MWh(th) storage. This equipment is
designed to decarbonise steam up to 20 barg, catering to the chemical, food
& beverage, and paper industries. With this installation, Dekitra will become
the first chlorine products factory in Europe to achieve net zero emissions by
apooo
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Market readiness of Chemical LDES technologies
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Chemical LDES technologies - deployment updates

II EMERGY VALLT

- -1

Energy Vault began
O0000O00nOmaoan

the largest green
hydrogen long
O0MOn0moomon
storage system in the
oo

NEOM Hydrogen
000 0000mMOD0moo

000@OMODIDO000MODO0dDOOn DM OmoanmOcOh@Mo0Mo0Moobamoag
duration energy storage system in the U.S. The hybrid green hydrogen
0D0MOODDDMO0MINMNMOOMO0MO I MO 0MO000MIMONDO bOnao
approximately 2,000 electric customers within PG&E’s Calistoga
microgrid for up to 48 hours (293 MWh of carbon-free energy). The
project is supported by a 10.5-year tolling agreement; with commercial
operation expected in the summer of 2024, solidifying Energy Vault’s
0I00IDOO0MODINIONINO000MOMOdDMN0O0mMbMONDmo0MOMmmooa

In major yearly achievements for Chemical Energy Storage, NEOM
Hydrogen activity stands out prominently. The NEOM Green Hydrogen

$8.4 Billion for Company (NGHC) has completed financial close with a total investment
World’s Largest Green value of USD 8.4 billion for the world’s largest carbon-free green
000MO00mmon hydrogen plant. Located in Saudi Arabia, the NGHC facility will have

00MIUImmOLoOnO0mO0 IO N0 D MO0ID 00D I Mo0MO0MOooomom
day, saving 5 million tons of CO2 annually. This project includes a SAR
31.5 billion investment, with SAR 22.9 billion from financing providers.
Additionally, the facility features a 600 MWh Battery Energy Storage
System, highlighting significant advancements in both chemical and
0moONO0o0 MOMDO0MmOmmmoon

Market trends point to significant growth across the LDES sector, fueled by the growing
recognition of their fit in decarbonisation strategies and supported by increased Series A and

B funding from both public and private entities, improved technological performance, and
O000000MIm M On MIMoMOIDD0mommoo 0 0MIINDDOD0MmMOo0MO000000M M MO0 Moomoananom
underscores the expanding demand for LDES solutions.
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Technology cost data

Cost remains a factor in the widespread 00 00MO0MODOCmoDM DIMMEDO00mMO0Mmmo
deployment of long duration energy storage, expected to remain stable between 2025 and
00MO0MOmMOMEoDOL MDD MDODMOOo0 DM m 2030. These costs are already low, typically
O0DmoMmoooimoooimomimoomoooOmoamomm accounting for less than 2% overall annualized

MNOMONOONM MO OIDO0MOmMO0MO 0Onooo 0MmoOnoomm

LDES Council conducted a survey of current

000 IDMDAN0000M00m00Man0Mmooamon 000D D OO D Om i 0 0 O
presents that data, supplemented by other, electrochemical, mechanical and thermal
previously unpublished, cost information. technologies are expected to be close to

000 DOOMMOM MMmMOCmMoo00MOmOmMomonom
00000 OMOND MOMOONoOnD 000Doo00mooo 000000000MMIIMOMO0DMO DM mMOMmOm
costs will fall significantly in the coming
I00MMOOD0000MOmEmMO00MOmMo0mo 0oa
deployment increases. The LDES Council
projects reductions of as much as 60% in

000 DODDM Ommoomon

MOMIDIN MO 0MInODM0a00000 momnooo IMODmMO0ImoOnoomomo
mechanical solutions, and up to 50% for OJIDDOOMO0 oOODom Mmooo
thermal technologies between 2025 and 2030,

[MO00DODOIm Hoobmm O
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Total installed cost of 100 MW systems (eight-hour storage), 2030 (power-to-power),
USD/kWh-year
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Power-to-heat storage costs are best
measured by the levelised cost of heat, to
000 00MODoooomomodDoomoom omomooo
same output, such as fossil fuel boilers, heat
000 0000 mMmMOOmOM 0mmo

Unlike power-to-power applications, power-
to-heat services provide heat for industrial
applications such as food, beverage or
chemical manufacturing, and cooling for cold
0MDO0MOD M IDIDInooOnoin MoOpoooa
commercial development, these services
can also provide heat for high-temperature
manufacturing processes (e.g., steelmaking
00000 DOMOD 00D D 000000 M 00mMOoomo
0 0MOImMOCOOD 0MO0OD0mMoomOo0moo0anm
power-to-heat and help to reduce overall
000mO Moomo

Today, many heat services for industrial
applications are provided by natural gas-fired
O0IDOODOMDO 00D MO0 moanooaomooom
power-to-heat LDES solutions, the all-in
0000 MDOO0ODMOmMO0 00MoMIDmMOmmm
000MOIMIMOmMOnOoODoDOOD00o0Onomobaooa
costs of LDES technology, coupled with future
electricity prices, compared to the costs of
00MDIDOOMOMODoo00MibmobiMimM Mmoo
natural gas prices. Cost competitiveness is a

0000MO0000MO0000Mmo00mO000MmO0MO0000MO00000MO000mo “

complex relationship between these different
components. Carbon pricing programs and
0ID0ODO0000ODM 00MODMIm 0MoODOmoomooo
help to drive the adoption of power-to-heat

00 00M0mManooo

LDES technologies also have a different cost
profile compared to fossil fuel technologies.
LDES, like other low-carbon technologies, as
0 0MMOODON0ON0MMOMomOoMmoOInoo0 Momoo
grids and offshore wind, requires more upfront
capital expenditure but has relatively low
ongoing operational costs. One practical

M OMODNOODdDOMmoo0m Mmoo dDmooon
long-term revenue visibility before committing.
0 MOODO00MOD 0ODO0MmE DDmOoIDo Moo o
address these challenges, including contracts
for difference (used for offshore wind), feed-in
tariffs (used for solar) and the regulated asset
0000 000D IMo00 MomomoimDoaooomo
MIDCIDIDIMINNOM MmOMONmmoomooomm m
LDES, several policy frameworks are being
0D00000MOMIDO0000MOMOMnED 0homo
0MO000DOMmMO0ONOOn DM OmmD 0moo0mm
of these initiatives, please see the LDES
Council’s “Deploying LDES: Implementation
Best Practices” analysis provided alongside
[MmInooan

0000 MOI0IMIMIMOmooo0MOMEOD DODm MOM DM oMMmMimooin m oo
— including electrochemical, mechanical, thermal and chemical -
0 MDDINoDWiMIMODOMINMOIno0MD D 0MID000oODooomooo

hold energy or heat for extended periods of time, ranging from
hours to days, weeks or even seasons. LDES is critical to the
0000MO0mMmoOnomOrmOmoomO0mO0m m

0 [1] Install cost includes all equipment, system installation and integration, grid connection and project development, discount rate used of 5%
over lifetime of the plant. Plant size is ~500 MW [2] Thermal systems have ~2x efficiency when output is heat, relevant for decarbonising industrial
processes. Source for electrochemical and mechanical: Benchmarking Analysis, LDES Council, 2024. Source for thermal: Cost and Performance
Estimates, Pacific Northwest National Laboratory, 2023, https://www.pnnl.gov/cost-and-performance-estimates. Source for Peaker, combined cycle
and nuclear: Levelised Cost of Energy+, Lazard, 2023, https://www.lazard.com/research-insights/2023-levelized-cost-of-energyplus/l

0 LDES Council. (2022). The Journey to Net-Zero: An Action Plan to Unlock a Secure, Net-Zero Power System.



https://www.pnnl.gov/cost-and-performance-estimates
https://www.lazard.com/research-insights/2023-levelized-cost-of-energyplus/
https://www.ldescouncil.com/assets/pdf/journey-to-net-zero-june2022.pdf
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Mechanisms to impact cost of power-to-heat solutions"
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000MOOD 00M0 MDODMD DOLMDODDMO0MINDDO0MICatalysing the global opportunity for Electrothermal Energy Storage.

The three largest cost components of power-to-heat LDES are wholesale power prices, grid
costs and capital expenses, and fixed operation and maintenance costs (see Figure 31). The key
indicator of power-to-heat solution competitiveness is the ratio of wholesale electricity prices to
wholesale gas prices, which are used by conventional boilers.

0 Systemiq and Breakthrough Energy. (2024). Catalysing the global opportunity for Electrothermal Energy Storagell
https://www.systemiq.earth/wp-content/uploads/2024/02/Global-ETES-Opportunity.pdf
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Levelised cost of heat of power-to-heat storage in selected countries’
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Response times also differ by technology.
00000000 MOIDO0mMOOD MoIpOmOomooo
generally have the quickest response times.
00ODOD 00000 MDo0 MO0 000 DM m omo
MMmMOMDIMmOnO0mMO0 M M omomommooo
requiring fast response times, such as
frequency response.

000 0000 IDo000momommmoomodrma
Mo0OmoooOoImamooimonm 0mOm 00momooo
can be deployed. For example, pumped
hydropower, compressed air energy storage

and hydrogen storage need specific geological
conditions to be cost effective, benefiting from
large water reservoirs, underground caverns
and cavern geologies, respectively. In addition,
MOMO0MONMODMO0Moo0moomo o 0omo
00D DIMm oo0mo0000MmOOn oMo m o Mo
additional infrastructure, such as pipelines and
0[O 00O M Om
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0 Systemiq and Breakthrough Energy. (2024). Catalysing the global opportunity for Electrothermal Energy Storagell

https://www.systemiq.earth/wp-content/uploads/2024/02/Global-ETES-Opportunity.pdf
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Market Mechanism to Support LDES
Deployment: The UK’s Cap and Floor

0 IOIMOIDO D0 MO0mMO0 00OD000MOmanoo
provision of market access and long-term

revenue visibility. LDES, like other low-carbon
technologies and infrastructure, can require large
upfront capital expenditure but has far lower
operational costs. One practical implication is

that investors need to have long-term revenue
0TI IDDOMImMOD 0 [MDDINO00O0 MO0 000 oooo
0Mmoma

000IININImMO0 DOODOD DONOOn Mmooaooog
available to provide such visibility, including
Contracts for Difference, Feed in Tariffs and

the Regulated Asset Base model. One such
intervention is the Cap and Floor mechanism
that the UK government is introducing for Great
Britain’s electricity market.

A Cap and Floor mechanism provides a multi-
year contract with a defined minimum (the “floor”)
and maximum (the “cap”) level of revenues over a
specified period.

0000MIDOO0DO0DO0MO0MOOD0mMEO0OImmDomao O
the floor, revenues will be topped up to reach
the floor. Similar dynamics apply for the cap,
except in reverse, with a “hard” cap representing
the maximum revenue that can be received,

with excesses returned to the counterparty (and
0D DMIODMO0000 Mo

000D MO0 mDOo00mMO0 0anin O - M0 0mmm
exposure over the course of the policy support
while also providing investors with confidence
DOMDOO0MN MMO0MOMD MO 00 Iomom

Like a Contract for Difference, a Cap and
0OOIID0MOINMOD MDDMOMo0ONooLbomomo
government vehicle, supported from taxes and/
or electricity bills. If implemented with a “soft”
cap, a portion of the capture value above the
cap can be shared with the asset owner (e.g.,

in pre-set diminishing portions as revenues
increase above the cap) to efficiently transfer
0ODDMMO0MMODIOD 0D MOf0MON D oMnmoamoo
at times of greatest system need. The floor price
000MIMOIMNOO0IOOOMmOo0@MOmMO0 000mmomoom
financing for the asset, and average payouts
between cap and floor price would nominally
offer returns sufficiently attractive to drive project
[MO00M 00D O00MI 0O00DmMO ODMINO0Omoooo
for interconnector transmission lines in the UK.

0000MOo0000MO0000Mmo00mMO000MO0mMoO0000MO00000mMO000ma “

In the UK, the Department for Energy Security
and Net Zero has confirmed" I MMIID0000MO
Cap and Floor scheme for long duration electricity
storage in the electricity market of Great Britain.

00000 M MO00000 M OM O0mMO0 00 MM D MO Mmoo
IMDODIDO000MOMOM M 0MONOCMOnmoomo

or longer, however a final decision on duration is
expected in early 2025. The proposed scheme is
MDNOOODIDIMIMOIMDINDINMO00MOIMNO0M Mo 000m
excludes technologies that are already capable of
commercial deployment, such as Lithium-ion, and
technologies that already have significant support
programmes in place, such as green hydrogen.
The UK is not currently planning to set a target for
MOMO000 0WOOD b M Om 0MOOn0 MoOnoomoooo
MINOO0MmMODOmOanooom

O000MO0ODIDONDM@MO0000MOD MID 00 Mmoo
size of 100 MW for well-established technologies
and a 50 MW minimum for less well-established
technologies. A final decision on the minimum
project size is expected in early 2025. The
mechanism will be administered by the British
energy regulator Ofgem. Initial contracts are
MOMINMOMOO MIOMONOMDIO0MO0DMo0000000
O00mMOODIOO00MINODOIMIDINOOMONO00NmMmoooma
0 0MDMOD0mMOD 000moon

The LDES Council responded positively to the
consultation, welcoming the UK Government’s
0MO0OD0MINO0OD MO0 MOCOD DM 0OmMOnOo0 Mmoo
MO0MOMONOMOCMODMIDO0ODO000MOmem  mooo
LDES Council made several recommendations,
MOmomom

@0 To increase the minimum duration to 8 hours;

el IMIINOMO 0MMOCMOOO0IDAONMOMMDImAn
00000 0ODMO00MIMOODmMO0MOIN0m 0mom

®[To open the scheme to thermal technologies,
IIDINNOONOMON MO0 MONO000DN0000mOmoa
I000DImMOMDDMONMD 0moom

o I0MMmO M0 Om I M MO OO0 Mnoo0
OI0MOnOO0DO00O0MOMmMOND M OMnoimmmood

oIIMMONMI DOMDMDIOM 0MODMO0OMOmAanom
duration services are properly valued, avoiding
[MMOD0MONOIMMMDNIMODMO00 Domm

@[ The UK government will publish a final detailed
MO00D00ONM MIDODO00MOMO0ODMO0oOnmmon
first contracts to be signed in 2025.

0 United Kingdom Long duration electricity storage: proposals to enable investment.
https://www.gov.uk/government/consultations/long duration-electricity-storage-proposals-to-enable-investment
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Australia

In Australia, under its Electricity Infrastructure
Roadmap, the New South Wales (NSW)

0000M0O DOOMONMOOnDmm 0 MODo00momoooo
0 o o
I0IDDIMImMO000 0 MiMO0ODDMO0OD 00 000 momm
Projects can bid in competitive tenders for long-
term energy service agreements, which provide
00MOODOODmMO0000mOD 000MDOMmMOOn Mm 0o a
prices for eligible projects, affording long-term
OO0 MOIDODO00ODmMOODO000M 00OMO0m MM 0o 0
duration of such projects is set at 8 hours. The
000 MOODMO 00mO00OnNmOD00DOMDm 00mom
this criterion should be relaxed to allow shorter-
00MINOIMMIMOMDODOODIDODOMOD 0MO0O00mm

Chile

The Chilean government in 2022 created a

0 D00 M 0MOMO0MON0000N0000Momoooon
00N OONOMOnoon 00 MIDO0M 00D M0 MO o
matrix by promoting storage technologies.

This Law is the result of a cross-cutting state
policy, demonstrating Chile’s commitment to
MIDMO DODOMOMOO0 00 MINO0MOmMO0Mo0mono
MOIDNO00MO0MOOn DM oM 0D MO INmOoomo 0
O000DMINO MINMO0MO0MD 000 M 0O 0mamo
energy and power transfers. In June 2024, Chile
announced an “Amendment to the Capacity
Regulation” under its Directive DS 70, aimed at
00 0ODOO0DmOO0mO0 DOoODOno0MOmmmoon

0000MOo0000MO0000Mmo00mMO000MO0mMoO0000MO00000mMO000ma “

The LDES Council recommended maintaining a
minimum eight-hour duration as more coal assets
0 I 0 DOm0 00D0 d00mM 00 MINmMOoOmoamog
00000MO0DOmMOD0ONOND 00 MO00MIm D Omooon
significantly, and the NSW government has now
confirmed it will maintain the 8-hour minimum.
000MODODmOmMO00MO DOO0MmOMO0MmIMoOnoom
support programme — the Capacity Investment
Scheme - that is broadly similar in approach,
OIDOO0DOMMODMONO DOD M@ 00 MOmOomnog
requirement.

0000 0¢ in Chile for a period of 10 years. The
proposal initiates process for modification with
100% recognition for storage hours greater than
5 hours. The Chilean Ministry of Energy expects
MINIMONIMOO0MOM MO IMOoOnooonoamooomog
MOODmO MOMIDO0MIiMONOIDINMOo0Onmo
MOONOOmMOnoOmOn 0Omo MON000000D 0o 0mm
(c) Network services and tariff signals; (d) Review
of connection procedures, and disputes, among
others, and (e) congestion management.

x Chilean DS No. 70 published in the Official Gazette https://www.bcn.cl/leychile/navegar?i=1204012
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The LDES Council has collected data from

0 00 00MIMo0 M IOOnoomofoDmoo omo

a robust dataset illustrating the extent of
0M0D00MO0ONOMIMOMO 00 Mo000IDmmoooo
MomMmoorm

This dataset consists of approximately

520 projects with duration 8 hours and up,
000MO00MO0MONOMmMOmodnoomo ooo
Council anticipates rapid deployment of LDES
O0MONDOMOmMO00IDDMOMDiMMOMOdDooomo
D0OD0 00 MODO0IDMO0M MO 0MDo0Mmmooa
2010 and is expected to increase by about
40% over the next decade, from 115 GW in

0o0oODmoooonoom 0 dimMmofLino0mmommOom
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However, this is still significantly below the
potential 8 TW of storage projected for the
0000000000MON0 00 Mo00oIbmbooooana
global decarbonisation by 2040, as well

as the target of 1 TW by 2030. Barriers to
development include inadequate funding, a
lack of clear targets, regulatory challenges
O0000D0MmMD MoooIn0imMOnoo IDoooomomom
About 90% of deployed LDES capacity today
is pumped hydropower; by 2035, this figure is
projected to fall to about 76% (see Figure 33).

gmoooood

Cumulative LDES capacity per year up to 2035 (GW)
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Cumulative LDES capacity per year,
by technology type, GW
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0 This data set may not be exhaustive. Chemical storage projects are not currently included in the database. LDES project estimates from China are

difficult to obtain and these datasets include limited data on projects in China.
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Current and projected LDES capacity by region and technology (GW)

Cumulative operational and planned LDES capacity
per region from LDES Council database!, [GW]

& Planned for 2024 and onwards
[l Operational as of 2023

North America 65
Europe 56
Asia 132 163
Australia 12
Middle East 10
Africa <1

South America | <1

Cumulative operational and planned LDES capacity
per region and technology from LDES Council database’, [GW]

M Electrochemical [ New type mechanical storage

[F Thermal [l Pump Hydro Storage

Unknown technology type

North America
Europe
Asia

Australia

Middle East
Africa <1

South America <1

Total all megicns 222 GW

This overview is not exhaustive. Data from China is an estimated due to data being less readily available. Totals do not

add up due to rounding. Based on BNEF projections it is assumed China covers ~40% of total installed. LDES capacity in

2035. BNEF (2023), 2H 2023 Energy Storage Market Outlook.

Both North America and Europe are
characterised by their large existing pumped
hydropower storage capacity, with many
projects of 100 MW and over. Other new
(N000MON0O 00 MMDO0IDD000moom M Imomo
are concentrated in North America, the
Middle East, Europe and Australia, with
000D DOD0mMO0M DD O0000On0o DOOnOn mo
DO0M DO MIDOCODio0oIDmor mMoooommoo
policies and funding opportunities. Expected
00000 O0Mmm 000mM 0 DONOOndmmomo
driven by procurement targets in California
and New York; while in Europe, the drivers
MOMDOODoo0 00 MmMDomMoID M iMOnoo0Omoo
Renewables Energy Directive, the aim is to
MiMooodnomoomMmmamoon 00mmMOo0m om0
overall EU energy consumption to at least
42.5% by 2030, with a target of 45%), and a
000 0 0 00OMON0000mMOMmooooooomoon
emissions by 90% by 2040." In doing so,

00 00MmDMOo0mo Lodn 0000mME O0mo0mmo
DIMOMOMIMOMMMOMmMOMO 0Mo0moooo
system, so that the round-the-clock needs of
00000 0MMO0MOm 00m

00 00MOMOnoommmooan modnmmomoom oo
000 000MmMOMmOmMOoo0Mmo0momoomono
cases. In the Middle East, new LDES capacity
is expected to be electrochemical; whereas
MO MIOOno00DOD 00D moom oono
America anticipate about 80% and 50%
mechanical technology, respectively. China

is developing large LDES projects, including
compressed air and flow battery technologies;
and in 2022 and 2023, it broke size records
OO0 Mo 00 M M momee

000IDImO MO Do0mMDOmomMmoanom
0000000 ODOnD 00 MO0 Moo 0omo

0 EESC. 2024. The Eu’s 2040 climate target sets the course to net zero by 2050. https://www.eesc.europa.eu/en/news-media/news/eus-2040-climate-target-

sets-course-net-zero-2050

00 BNEF. 2024. Lithium-lon Batteries are set to Face Competition from Novel Tech for Long duration Storage: Bloomberg NEF Research. DOIDOMNOO00N00M
com/blog/lithium-ion-batteries-are-set-to-face-competition-from-novel-tech-for-long duration-storage-bloombergnef-research/
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Geographic deployment of LDES projects (excluding pumped hydro storage) .
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Geographic deployment of pumped hydro storage LDES projects .
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Geographic deployment of LDES projects (excluding pumped hydro storage) in Australia

Power categories
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“We need ‘long duration’ energy storage to feed the
grid. It needs to be affordable. And effective. And

reliable. And we need it soon.”

Arshad Mansoor, Chief Executive Officer, Electric Power Research Institute
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Geographic deployment of LDES projects (excluding pumped hydroelectric) in Europe
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Geographic deployment of LDES projects (excluding pumped hydropower) in North America
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“The key is to fully utilise the transmission we have
OIMO00mMOmIDOD MMOmMomoom modnooom ooooimooo
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storage near distribution.”

Jigar Shah, Director, Loan Programs Office, US Department of Energy
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Creating an enabling environment is crucial

for the large-scale deployment and scaling of
LDES. As highlighted in the previous section,
000 DMO D0 MMM OoimIDooomoooo
deployed or planned, but many more must be
000MO00ODmMO00MO0mOMoomomoomo bmooo
0 00ODMEOOIDOOMIMD0MDIDmomo

0 DO0MOmMDmMO0000 MM OLmO00mMO00COnooon
are dependent on very specific locations and
000 DmMOoOno0mOnoo000MOno0 0MOMmOmm

This report identifies seven enablers
DI 00MIDOMO0IDO0 00 Ono o0 m
00MO0ODnO0mMob0oMDooidIhmiMmoomooo
MODMmMOMmMOOD 0ONMO0 0MOOm 0000000
— for example, “raising awareness” — others
require concerted ongoing action to fully
0000MmMo00Mo0mEbo oD Oobmoo0mm

+ amoooo
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the electricity sector, including thermal energy
storage for industrial heat processes, as well
O00MO000MDmod0mMommommooodnoomooa
000000 DO000mMO 0m

00MODOMMOMO0I0OD O0OmOmoDoaonoo
clear applicability of LDES (“D0O00%); the
0000Mo0 DoODOmO00MOMmMmO0moo0moooo0
(“finance”); and the efficient deployment of
LDES projects (“O000IO0 OOC).

gooo

= 000MOOnoo

is applicable at a high level to power-to-
power, power-to-heat and power-to-x

0000 MD0IDDODO00000D0On MM oanoa
enablers can be found in “Deploying LDES:
Implementation Best Practices” analysis
00D O0MIO00mMOoODDOmooom

Seven enablers to scale LDES
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Key enablers to spur need for LDES

Key enablers to improve financing for LDES

Key enablers
to improve

deployment
of LDES
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Although many countries are already acting on some of the enablers, there is no country in which
IIDOOOOMDMINIDIN M MOCOD MDD M MM 0DmMO00 00D MM oMoo00mOD0 DMOoMO0MIDoo0mm

different countries and regions.

Examples of the seven enablers to scale LDES across regions

O

India’s largest power utility, NTPC,"
is exploring novel LDES solutions to
IIIIINO 0MIN0MO0MOMOO0mmon
and low-carbon electricity markets in
MOMINDMOMOINMDOWO0 MIOOnomooo
0000 INODO00ODOmangd

&

In the United Kingdom, over £69

0 MO ONO0MIMO0MOMO0moondg

0 000mMODmOmIMO00Omomo 0og
Demonstration Programme, including
funding tranches for power-to-power,
power-to-thermal and power-to-x
MO0D0MOMOMmMO0MIOMNO 0 0mm 0a
DIODOMDMOINOMOD 0 DOMOOOnod
of first-of-a-kind LDES technologies
MIO00MO0 000dDomono

GO

Chile’s energy regulator introduced
bidding rules that require developers
MINOMO0IMMMOO0ON0O000MOMOamo
their renewable energy projects,
entitling them to secure a 20-year
000 00D 0MO0O0MOmMO0 00O 00 [

000 0MOD00M 00000000 0mm
Energy will enter into a 30-year PPAT]
MOmom 0000 MO M Io0nmmoon
00 MOMODDO 0ODmOOn MMmoooo
eight hours’ storage duration.

©)

000IMO0MO0ME00ONoo0mon
adequacy targets in line with the EU
Agency for Cooperation of Energy
Regulators (ACER) to ensure that
MOMONMO0000MO00MOnoOnm 0om
000 000 MO0ODMID0MIMTOMIMIman oom
with ACER’s recommendations, with
European Commission approval,

0 MDOMDO0MODOD 0M0 000Dooom
resource adequacy mechanisms.

O

The Chinese National Energy

000 IIIDONOMOOIDmMO0O0MOmm

of 56 new-type energy storage pilot
demonstration projects, including
00MO0 0MO0O0MIMMO0MOMMmMooa
0MMOMID 00 0000DOD00MMDMmO0mo
enable fast learning and quicker
deployment of the best technologies,
MODMOONOno 0ODO0Mm 00 M m

@

German law exempts energy storage
0000MImO MOnINO0OMo0momomon
before August 2029, providing a near-
OO IMOO00ODODIM MO 00 Mo0Mmom

0D DO00D0000MOmon

Spain has implemented time-variable
grid fees, allowing LDES facilities to
000MOmMOND 00M M0N0 dNO0Ono00000
arrangements are more reflective of
D000 000ODON0 00 M@O0D0MOnmono
MO0MODDOIMMOMO0mOD DoODonoooo
as flexible assets.

210

California (United States), New York
(United States), Victoria (Australia)
00000 0D DOODmIDMnoo0mo ooo
targets. California has a goal of 100%
OO0 00 MMODMOMOONOmOmm oo
2045, MMIDDINO0000MNIO0mMO 0om
0ODO0O00M 0 MODO0 Mo0moo
resources, including 2 GW of LDES." [
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Google, Microsoft and Nucor
Corporation are seeking to accelerate
MODO0ONOMO0MOODNMmOD 0 Ommm

0D IOIMIDODOMOOmMmO 00 ODoooo

0 MDInonoo 000MO0mMOo0oOmomooo
procurement models, focusing on
offtake agreements, influencing policy
and developing new tariff structures.

SLo

0000 0MOODO00MO0mM 000 DOmmo
in the process of approving non-firm
MIIDINOONDIDOINMO00000n0oo
MONODONOOM D0MODO00m 0omo
benefit the grid. This allows LDES to
II0M O MOO000ONOm 0O0OnO0mamo
000IDOMIMOCOOomm

0000 00MOMO0MOm0Modmmooa
0mo0n 0o 00MOMODMOIm mooo o
agency’ to address grid congestion,

0 0MOMO0OMDIDO0 MoIoimoomoom
process for grid connection,
MOMDOnOIDoMOnooo0oOnoomooo
00000MDOON0MMO MOmML0 o0Omm
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o0 NTPC. (2022). Long duration energy storage. NTPC. https://ntpc.co.in/about-us/corporate-functions/et-pr/project-initiative/long duration-energy-

storage-Idesl]

00 Energy Storage News. (n.d.). California: ‘Energy storage revolution is here,” says governor as US leader state surpasses 10GW. Energy Storage News.
https://www.energy-storage.news/morocco-launches-400mwh-solar-plus-storage-tender/l

00 Energy Storage News. California eyes central procurement of 2GW of LDES to help scale novel technologies. Energy Storage News. D000 000
energy-storage.news/morocco-launches-400mwh-solar-plus-storage-tender/

00 UK Government. Longer duration energy storage demonstration (LODES) competition. UK Government. OIDOIIT 0 0 MOOTNOMO00M00 0000000000000
longer-duration-energy-storage-demonstration-lodes-competition[]

ff Energy Storage News. Morocco launches 400MWh solar-plus-storage tender. Energy Storage News. https://www.energy-storage.news/morocco-

launches-400mwh-solar-plus-storage-tender/
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Significant and sustained action from a range
0INMO000MOMOmmMOo00 000 MOMO0anooog
0000MImMO0MOD0MONOONO 00 DM o0omoooo
at scale to provide reliability, security

and flexibility alongside energy system

0000 00MOOnoOn 0o0MMmMOmMoomoo oom

0 MMOMODNO000MOMOODIN000MO0mOnomm
through quicker realisation of cost reductions
and improved efficiencies.

While all the enablers are needed, the
relative contribution over time from different
00000 OMID MDOMOD DMmMOmMo 0ooooo
of the need for LDES is a critical first step,
000D00ODOMODmMMOMIMONmOnom omao
O00m ooooofimmomomimo 00 0nmmoomoo
00000 0OD00mMO0mM 0000DOM D omoo
ongoing effort; but again, it should not require
significant effort on the part of relevant
stakeholders. Conversely, acting on other
0000 MMM OO00M@OODMD MODOnmoooooo
fees, facilitating full market participation

for LDES and providing long-term revenue
visibility — will involve more complex,
coordinated multi-stakeholder initiatives.

00000 0 [0 00 000MOmMob0mo 00Mano
O0000MMMOINOMOOMOMDO0MmOMO0 D0 @M mo
0000MOM@O0MO00MD 0ODOm 0Mooomoo
efforts to deploy and scale LDES technologies.
Efforts must be made to continue building on
0000 O0MDmMOMOnINomMm DoODImOMmmon
of New South Wales (NSW) and Victoria, the
US states of New York and California, the
Canadian province of Ontario, and in Chile
000NN MOOCmMOMO0000MOMO0Mmomooomon
strategies, setting a specific target for energy
storage deployment at COP29 will provide the
necessary clarity, direction and accountability
for policymakers, industry, investors and
IMO000MOMOINMOO0MMDONOMO0mMmOon oom
000MO0MOMOnoooo

However, wider market and policy structures
are still limiting LDES deployment, resulting
in missed opportunities. Beyond direct
enabling actions, there are frameworks that
0MOmomm 000D0Dmimmmonimm oommaa

0000MOo0000MO0000Mmo00mMO000MO0mMoO0000MO00000mMO000ma “

U00moo bodmopo o0 MotmooomMmOoomoomoo
0 0MmMo0 O

Examples of these wider signals include:

OO Ambitious greenhouse gas reduction
targets: Countries with ambitious
0MO000000MO0IDD 000D 0O0mM oMo MmWoooo
LDES technology earlier, and at a larger
scale, than those with more modest goals.

OO0 Ambitious renewables targets: Countries
0 OmMo 0MNo0Moooo 00mMOMOm O
000D 00 ODO000 Mo Moot oo
0M0ODIDmMOo0mDMoomoo 000mMmamno
00MO00MO0ODOImo Momoommm M moom
The EU target of generating 42.5% of
000MOODD D000 00 MINo0mMofmomooom
is one example of how major economies
000MINOODOmMOD0OmMMDMOmMO0MOoo 0oomm
[MO00 DOmOm

OO Removal of fossil fuel subsidies:
00000MOMO0ONO 00MD D OO0 om
0000M IO D 0o0OD0o0ODomm bmo
expensive compared to low-carbon
OMMOOOnoO0Omomo 00 m

OO0 0 0MO0MOMNmO: Carbon pricing reflects
the real cost of carbon emissions,
including externalities. It increases the
price of high-emissions technologies and
benefits low-carbon alternatives like LDES.

0 DITDDO00MOOM 0 diID0mMoobmoo 00m
pipeline, the global community is far from
being on track to meet the 8 TW needed to
achieve net zero. Therefore, LDES must scale
000D MOMD O00ODCMDD0ODNID MO0bo0D 0anoo
O000D00DmMOmom

The time for action is now, and the

0000000 O00DD0mMo000ODOn0Onon boommooo
000000MOCOMIMDNOOLIDDm 00D MmMmoboooo
[MMOMOMO00MO0DIMO0 00D DO0000M Moo m
000000 INOMio0t00MID O IDomoo0 mmo
000 OMbODDO0moo 0bOmibooonoimom mo
all engaged citizens, making their voices heard
000 0MMOODO0MOODmim Moo DOnommooo
000MOODMDMIDOOD 00 0DID0MmooomOonooo
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Action is needed by policymakers, utilities, regulators,
corporates, technology providers, investors and key stakeholders
to realise the abundant potential of LDES solutions.

Key action checklist to deploy and scale
LDES solutions

Policy Makers :

e [IIMIONIIDOIOMONOONOOM NN MODOMODO0MOMONmOD 000 ODMOONO000mMO 0000 000Miooonoa
reports across all relevant applications (electricity, heat, industry and transport)

eI000MIMDmMO0DDDODO DODO0MD 00DOCOMOInMOCLO0MOnbob00ME00MMOb0 D00 mEOnooooooon
MOo000momo

oll I0IMNOONODMIMOIIMINMIMIMOINMODDOINMOLDOO0M MDONIIMO0MOMOCME bOnomomoo
power, heat and power-to-X application.

@®0Set long duration energy storage targets based on the electricity system’s need for flexibility and
O0000MIDMOINMTUOONMODO0000MO0000IN DODO0MD 0WL0MO0ME dmobmnomomo boo

ol 0IN0 0IIDOIDMOMININCOCMO0MOON DM MO DOIDMOD MO0 D00 MO0 MIDDIMITO MMM moom
000Mo00 MOMDMmMOOanoo0omomo

@0Support parallel research and development efforts in industry and academia to further reduce the
O00Onomoooo

elIntroduce mechanisms that provide long term revenue stability e.g., Cap and Floor schemes, long
term capacity payments, long term fixed revenue schemes.

eIINMIMNM 00MIO 00 MDD OOmOMDMImMOIDO0DID MMM MmD 000D 0mm

@0Support early-stage projects through de-risking mechanisms and grants e.g., public backed
financing

®lAllow LDES developers to co-locate storage with renewable generation for self consumption
benefits
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Key action checklist to deploy and scale
LDES solutions

{0

@

Regulators :

elI000MOMDMOODDDODD DODO0MD 00DOCOMOInMOCLhO0MOnbo000ME00MIMOCb0 D00 MMEOn0oo0ono
[MOooomomo

ol DIIMININODmMOMONDMOONMOMMDMMIIMOOIOININIMOO0D0M MNIMOMDOMDINmoomo

e®URequire robust modeling requirements that take full account of variable renewable generation
MOODDO0DOMOmODONODmM MO0 MOmO0ano0ano0 MOCCONMMOD M DODMOMODMMO0MO 000D 0mmmo

@0Where appropriate, allow grid operators to own LDES assets

e®UIntroduce discounted fees for non-firm grid connections

e®0Reform electricity market structures to signal the value of flexibility and enable revenue stacking

el MO INIM DINMMODONMIODOOM 00MONMMOnLodDODOOMONDOMODMIMD0O00MODMO000IDOnNmoa
000000MO D MOmOMOmOno DoONomOanooD 00 MmDomMOmobomano

®UEnsure adherence to strict cost causation principles to ensure thermal storage doesn’t pay for
capacity, reliability (or in some cases transmission/distribution) system costs that are not impacted
000n0m 0IDmmeon

e®lintroduce and / or permit long term offtake agreements for storage

elIntroduce discounted fees for non-firm grid connections

e®lIntroduce non-firm grid connections to allow flexibility assets to skip the queue

®UAllow LDES developers to co-locate storage with renewable generation for self consumption
benefits

Grid Operators oo [ omoono

elI00IMMIOOONODONMIMIMIMONNONNIMIDMO0MOIONMONMOOMOON0OONMO00MO000MOmon
latest modelling techniques and data

®0Evaluate system benefits from thermal storage for increasing renewable energy penetration at
M0 DOmooo

@0Use the latest LDES technology cost in assessments

NGO and Academics :

e®0Continue educating on the latest benefits of LDES and include LDES technologies in all pathway
0 000

o[ 000MINNNO00000000mMOO00D000N00M MmON00MOMO0m b0 000M 0 DMOCMO00II IO MO0C00000mMoonn
aooomo

@lConsider how power purchase agreements can drive uptake of LDES technologies
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Key action checklist to deploy and scale
LDES solutions

{0

@)

Corporates and Other Market Participants :

el I0DMMINODODDO000O0MOCONDOCODDM MIMmODDOMOMOOMOD D00MO0mMOCmO DOMDIO MO0O00000manao
ooomo

e0Consider how power purchase agreements can drive uptake of LDES technologies

Utilities and Investors n

e®0Regularly assess potential investments in LDES technologies using the latest insights on costs,
revenues, market dynamics and regulation

@®1Remain informed on different types of LDES business case

e®lInternational financial bodies need to increase support for LDES as a reliable system for power

@®[To create instruments to reduce the cost of financing in development economies

@®UPrivate capital to keep business cases up-to-date

i

I

LDES Technology Providers :

@0Share latest information on LDES use cases and technology specifications

elImprove performance of LDES technologies to match market needs (e.g., improving the round-trip
efficiency and working lifetime of LDES technologies)

®0Show and quantify benefits of specific LDES technologies
@®0Strive to beat the up to ~60% reduction in capex costs between 2025 and 2030

®Modularise and standardise technology designs to maximise cost reduction potential

e0Standardise the construction of LDES technologies where possible, making product development
more attractive, reducing quality issues through in-field learning, and enabling factories to benefit
(N0 MODO00 MomOnoom
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Key action checklist to deploy and scale
LDES solutions

{0

@

LDES Council

e®lincrease knowledge sharing between different sets of stakeholders

@®Recalibrate LDES targets for external communication purposes

e®0Support target setting and provide the fact base needed to create capacity target setting (e.g., for
implementation of the EU Electricity Market Design)

e0Continue helping educate on the latest economics and benefits for LDES (in collaboration with
0M00MOOnO0MO00MOODOOno mODOn 0o om

@0Support technology providers in showing the benefits of their specific technology

elContinue conversations with specific governments on the support needed to scale LDES
[ 0D 00mamo
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About the Long Duration
00000 DOOIOO000 000000

The LDES Council is a global organisation I0ODIODDIOODO0MDO0M M D0 0mOOnam m
000000momooomoomoim oM 0doommomommon 00 00@MOMONO0MO0MO0MONMmMOC0Mo0mono
00l woomoo odoimo 00 Momanoom energy system, deployments must ramp

The LDES Council provides fact-based up significantly. The LDES Council remains
00Mooo0modnomoomon 00Dmnoomomomon OMO0MOMDINMO0 O [0 000MmDoo00mod
energy storage. The LDES Council’s members these essential technologies. By working with
span a spectrum of innovation, including members, partners and key decision leaders
mechanical, thermal, electrochemical and in governments, regulatory agencies, financial
0000 MOMNOMONO0ONO0M OO0 M MINO0000o institutions and civil society, the full spectrum
deploy up to 8 TW of LDES by 2040 with a of benefits that LDES offers can be unlocked,

OooimmOmimoommoomooModmmoommomooo
helping to ensure a resilient, sustainable and
0000@MO0mO0MO00 oD M MO 0o mo

market potential of $4 trillion.

[ié;@

Development and testing of Level the playing field for Market creation for stronger
LDES for faster innovation diverse LDES technologies incentives for investments
and open markets for LDES
implementation

p

o o
f} {T ifa o 0 =0
© %) "
0] 1] T
Deployment of LDES to see Infrastructure deployment International relationship
larger economies of scale for more connections and building

interoperability
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A global partnership network

The LDES Council greatly values its work with
IMmMOOIDOMDDMOmMDMOm 0MODmoooomo
stakeholders, enable supporting policy
structures and market development, and
0000000MO00MO0mMEo0D 000D 0Omo moa

000 MOOI0 0000 DOMOmM IMO000n 0 0 0o bog
O00MOMOD0MOON0OM MO0ID MOoMoomaoo
Council, Global Solar Council, International
Hydropower Association, Green Hydrogen

Organisation, Long-Duration Energy Storage
Council and the International Geothermal
00000MONOO0MOIDODOMmMOoIm oo mon
representing the clean technologies required
MIIMONOMM 0Onmomobom

The LDES Council also partners with a wide
MooiMmINmMOOmonoommomO M MmO oo mo o
MMINOOOmO0omoo 00DOno 00 MmO omm

LDES Council strategic partners
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How to get in
touch with LDES
00 OO0 01

Please contact the LDES Council through the
below channels if you have questions about the
LDES Council Annual Report, would like to share
feedback, or simply wish to start a conversation.

info@ldescouncil.com

https://Idescouncil.com/

www.linkedin.com/company/ldes-council/

https://x.com/LDESCouncil
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LONG DURATION
ENERGY STORAGE
‘COUNCIL
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