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IDTechEx Provides Clarity on Technology Innovation...
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...And Covers a Wide Range of Topics
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What is LDES and Why Will We Need It?
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When Will LDES Be In Demand?
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The Earlier Adopting Regions of LDES
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LDES Technologies j

Copyright © IDTechEx | www.IDTechEx.com



Energy Storage Technology Classification
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Energy and Power Decoupling

Energy and power decoupling in a CapEx of RFB vs Li-ion over increasing
redox flow battery system duration of storage
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Examples of LDES Technology Comparisons

Technology CAPEX (US$/kWh) F\;?flij:ig'ntgp Cycle Life / Lifetime Energy density — System level

Li-ion 200-350 ~95% 2,000-10,000 100-150 Wh/kg, 200-300 Wh/L
VFB 500-800 70-80% 20,000+ 10-30 Wh/kg, 10-40 Wh/L
~50% (Up to
CAES 300+ 20% if 50+ years 2-10 Wh/L_.— large underground
: : cavities needed.
adiabatic).
Varies. As low as Heat output:
US$45/kWh for larger ~95% Varies. Latent: 5—  Depends on AT. Material level: 70 — 180
Thermal systems, but more likely Electricity 10 years. Sensible:  Wh/kg for molten salt. 50 — 290 Wh/kg
US$100+/kWh currently for output: 40- 20 — 40 years. for concrete.
most systems. 60%

IDTechEx Hesearch

14 technologies benchmarked in the IDTechEXx report.

IDTechEx




Other Considerations: Safety and Economical Project Size

Key Considerations / Absolute cost ($) Of \
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safety. ; /" Mechanical ES: More
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Funding into LDES Technologies
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LDES Projects Are Already Coming: Identified Projects Forecast

Duration of storage across key ES projects 2015 - 2031 (omitting ApexCAES and Form Energy projects)
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GESS = Gravitational energy storage system
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Other Technologies to Improve Grid Supply-Side and Demand-Side Flexibility
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Supply-side

flexibility

N
Thermal generation (+CCUS) |l Vehicle-to-grid (V2G) ES and LDES R-SOFC

Combined cycle gas turbine, Discharge EV to BESS, pumped hydro, Reversible solid-oxide
hydrogen turbine, bioenergy supply grid. CAES, LAES, etc. fuel cell.
generation (+ CCUS).
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Demand-side
flexibility

Long transmission cables can supply
Interconnectors power between countries, depending
on domestic supply and demand.

Residential and C&I DSR / VPPs Transport DSR (Grid-to-vehicle) Electrolysis

C&I customers can earn revenues for Charge EVs when there is peak supply of Green Hz production
participating in demand-side response electricity on the grid. ramped up to use
schemes. Aggregation of residential / C&lI surplus electricity and

batteries through virtual power plants. store Ha.
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Applications, Customers and
Revenue Generation =il
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Grid-Scale Energy Storage Market Applications
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Key Customers of LDES Technologies

2 ?

Customers Why?
Utility companies To shift energy over longer timeframes
as VRE penetration increases
-',‘-.-- \. “l
mmm ’l\l\ Renewable energy To bid into emerging LDES tenders
— developers

Off-grid mining? To use large LDES systems that do not
require underground infrastructure. Reduce

demand for batteries / diesel generators?
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Revenue Generation Outlook for LDES

Revenue Generation Opportunities ..and Challenges
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Wholesale electricity Not frequent, large, or long enough

price arbitrage alone currently for substantial ROI
Capacity market Do not recognize the other values
contracts that storage brings

Ancillary services Separate procurement, remuneration

for provision of multiple ancillary
services, and effective revenue
stacking increases complexity
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Potential Solutions

Factors should increase with
Increasing VRE penetration

Redesigns to CM contracts, to
recognize other benefits of storage

Regulatory reform to handle
complex revenue stacking
scenarios to maximize revenue
generation
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LDES Summary

LDES technologies will be in greater demand in key regions by the mid 2030s, in order to support

growing VRE penetration. Demand will accelerate in the late 2030s, and wider demand globally will P — IDTechEx (RN
only be seen post-2040. Annual market value will be >US$220B by 2044, Playere. Forccusta o 0BIES:

Drivers: Challenges:

* Increasing penetration of VRE in key regions * Revenue generation challenges; including lack of

» Future material constraints and existing safety risks substantial price arbitrage opportunities currently,
of Li-ion potential need for reforms to capacity market

* Revenue generation can come from various sources contracts and ancillary service remuneration to

» Decoupling of energy and power present provide longer-term revenue visibility
opportunities for lower costs than Li-ion at longer « Demand heavily influenced by VRE penetration, and
durations for many LDES technologies governments meeting VRE deployment targets .

- Opportunities to be procured by different customers;  + Cost reductions ($/kWh) of key LDES technologies Long Duration Energy Storage
utilities, renewable developers, off-grid mining not widely demonstrated commercially, due to lack Market 2024-2044

of demand for LDES technologies currently

www.IDTechEx.com/LDES
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