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LDES - LONG DURATION 
ENERGY STORAGE: 
THIS GENERATION’S GRAND CHALLENGE



LDES: LONG DURATION ENERGY STORAGE

HOURS OF ENERGY DISCHARGE – “DURATION” –
HAS EMERGED AS A KEY  GRID METRIC

why
how to

emerging tech roadmap
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LDES: WHY



WHY/WHAT - IT’S COMPLICATED:

Local Considerations + Economic Criteria → Complex Situations & Decisions 
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FUTURE GRID COMPLEXITY = STATIONARY ES COMPLEXITY 
RENEWABLE GENERATION → DISTRIBUTED GENERATION  



GENERALIZATONS: HOURS DISCHARGE
More renewables = more variability → Increased stabilizing duration → →  less affordable cost
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DOE defines LDES as > 10-hour Discharge



LDES NEED - THIS IS ALL RELATIVELY NEW
Seminal LDES work: Albertus et. al. 2020

Albertus et al., Joule (2020)

Maximum ES hours required 

Annual % electricity from wind & solar on a regional grid% RENEWABLES

HRS DURATION NEEDED It quickly becomes 
very complicated

Albertus et al., Joule (2020)



NOT ONE MARKET SEGMENT
NOT ONE TECHNOLOGY OPTION
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DOE KNOWS THIS IS HARD: LDES EARTHSHOT

Earth Shot Metrics

LCOS 0.05 cents*/kWh-Cycle

Duration 10 hours

Cost 90% reduction vs. 2020 Li-Ion

Timeframe 10 years to success

* Fully loaded system cost using power electronics & 
available/cycled energy

Search Energy.govNational LabsEnergy.gov OfficesLeadershipNewsroom
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Overview

The U.S. Department of Energy’s (DOE) Energy Earthshots

Initiative aims to accelerate breakthroughs of more

abundant, affordable, and reliable clean energy solutions

within the decade. Achieving the Energy Earthshots will help

America tackle the toughest remaining barriers to

addressing the climate crisis, and more quickly reach the

Biden-Harris Administration’s goal of net-zero carbon

emissions by 2050 while creating good-paying union jobs

and growing the clean energy economy.

The Long Duration Storage Shot establishes a target to reduce the cost of grid-scale energy storage

by 90% for systems that deliver 10+ hours of duration within the decade. Energy storage has the

potential to accelerate full decarbonization of the electric grid. While shorter duration storage is

currently being installed to support today’s level of renewable energy generation, longer duration

storage technologies are needed as more renewables are deployed on the grid. Cheaper and more

efficient storage will make it easier to capture and store renewable clean energy for use when energy

generation is unavailable or lower than demand – for instance, so renewable sources generated

during the daytime like solar-generated power can be used at night or nuclear energy generated

during times of low demand can be used when demand increases. Long Duration Storage Shot will

consider all types of technologies – whether electrochemical, mechanical, thermal, chemical carriers,

or any combination that has the potential to meet the necessary duration and cost targets for grid

flexibility.

Learn more about the Long Duration Storage Shot

Long Duration Storage Shot Summit

In September 2021, the Department of Energy held its second summit for its Earthshots Initiative,

the Long Duration Storage Shot, which is aimed at reducing the cost of energy storage systems by

90% within the next decade.

Department of Energy

RECAP OF THE LONG
DURATION STORAGE
SHOT SUMMIT.

September 2021.

Watch on

Department of Energy’s Long Duration Storage Shot Summit

DOE is all in for clean energy. The Long Duration Storage Shot – which aims to reduce the cost of energy storage systems by

90% within the next decade-- ensures that a clean energy future is accessible and affordable for ALL Americans.

Office of

ENERGY EFFICIENCY & RENEWABLE
ENERGY

ABOUT

EERE
INITIATIVES RESOURCES

ENERGY

EFFICIENCY

RENEWABLE

ENERGY

SUSTAINABLE

TRANSPORTATION



LDES: DESIGNING SOLUTIONS



ENERGY STORAGE OPTIONS: SHORT & LONG DURATION
e- in ⟺ e- out: Two basic approaches

INCREASING MATURITY with SHORTER DURATIONS 

Electricity out

Electricity in

Battery Storage:  1 Device

Shorter durations: 1 -100 hours

”Battery”
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H2 system
MeOH system
NH3 system

maturity

Nonflammable Li-ion
Flow cells

Fe/air battery
MgMnOx (thermal) 
Liquid metal battery

ENERGY STORAGE OPTIONS: SHORT & LONG DURATION



LDES: ULTIMATELY AN ECONOMIC CHALLENGE 

Source: [51] P. Albertus, J. Manser, and S. Litzelman, “Long-Duration Electricity 
Storage Applications, Economics and Technologies," Joule, vol. 4,

Examples
Affordable

Capital
($/kWh)*

Hours

Li-ion<100<6

Flow Cells, Earth abundant~4010-18

Form Energy, Earth abundant7-2050

Chemical:  H2, NH3, etc. 3>100

* Paul Albertus – Joule 2020
Earth Abundant: Pb, Fe, S, Mn, S, Air, Na+, H+, K+



THE LDES ECONOMIC CHALLENGE
BRUTAL COST TARGETS: <<$100/kWh system capex, => “NEW” CHEMISTRIES

Targets: low cost, abundant raw materials = limited materials menu, typically aqueous 

Brutal cost/performance requirements => full utilization of materials AND high cycle life

CAPEX CYCLES



LDES: EMERGING TECH ROADMAP



LI-ION: CRITICAL TO MEET THE DEMAND IN NEXT 5+ YEARS
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Li-Ion Improvements for 6-8 hour durations

• TODAY:  Iron Phosphate cathodes (LFP)

• SHORT TERM:
• No Co/High Ni NMC cathodes
• Low Ni/No Co NMC cathodes
• High cycle life – using AI/ML

• MEDIUM TERM:
• Reduced flammability/better safety
• Fe-oxide cathodes

• LONG TERM:
• Na instead of Li
• Fundamentally nonflammable
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Flow Cells for > 8-hour durations
• TODAY:  

• ESS aq. Iron/Iron
• EOS – Zn/Br2
• CMBlue – Organics/ High ED hybrid 
• Lockheed – metal chelates

• SHORT TERM: 
• Quino Energy - new organic actives

• FUTURE:
• Higher energy density actives
• Higher energy density cell designs

FLOW CELLS: >8 HOURS & ALREADY LARGE DEMOS TODAY
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Today: majority of flow cell improvements are in type of chemistry/storage molecules
Future: improvements are in new cells designs for higher energy density
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MORE OPTIONS EMERGING: >8 HOURS 

• FORM ENERGY: Metal Air battery – “reversible rust”
• > $600 million invested

• LYTEN: Li-S – actually making this work
• > $100 million invested

• AMBRI:  Liquid metal battery that uses material density 
differences instead of massive manufacturing 

• In generation 3 design
• > $60 million

• REDOXBLOX:  metal oxide/reduced metal –
chemical/thermal storage

• A round investments, but scaling up with ARPA-E

• URBAN-ELECTRIC POWER: age-old Zn/MnO2 primary 
battery made reversible

100hr Multi-Day Energy Storage Technology

Our first commercial product is a rechargeable iron-air battery capable of continuously
dispatching electricity for 100 hours with installed capital costs one-tenth that of lithium ion.
Made from iron, one of the most abundant materials on Earth, this front-of-the-meter battery
will enable a cost-effective renewable energy grid year-round.

ENABLING A 100% RENEWABLE GRID
To run the grid reliably and affordably, we need new cost-effective technologies capable of
storing electricity for multiple days during renewable energy lulls. We conducted a broad
review of available technologies and have reinvented and optimized the iron-air battery for the
electric grid. Iron-air batteries are the best solution to balance the multi-day variability of
renewable energy due to their extremely low cost, safety, durability, and global scalability.

RECHARGEABLE, LOW-COST IRON-AIR
The active components of our battery are some of the
safest, cheapest, and most abundant materials on the
planet — low-cost iron, water, and air. The principle of
operation is reversible rusting: while discharging, the
battery breathes in oxygen from the air and converts
iron metal to rust; while charging, the application of an
electrical current converts the rust back to iron and
the battery breathes out oxygen.

INHERENTLY SAFE
The cells consist of electrodes and iron anodes
submerged in a water-based, non-flammable electrolyte. There are no heavy metals. There is
no pathway for thermal runaway or dendrite formation in iron-air chemistry.

SIMPLE, MODULAR, SCALABLE SYSTEM
The core building block of the system is a kW-scale, ~1m3 battery module. The hardware
system is a turnkey MW-scale Power Block, which includes thousands of modules protected in
an enclosure, integrated with off-the-shelf auxiliary systems (air, water, thermal management),
electrical systems, and a utility-grade bi-directional inverter. Tens to hundreds of these power
blocks combine to deliver grid-scale, 500MW+ / 50 GWh+ energy storage systems.

 

LOW COST GRID SCALE ENERGY STORAGE USING 
THERMOCHEMICAL BATTERY TECHNOLOGY 

 
Dane Boysen, RedoxBlox, CEO 
dane.boysen@redoxblox.com 

James Klausner and Joerg Petrasch, RedoxBlox Founders and MSU Professors 
james.klausner@redoxblox.com joerg.petrasch@redoxblox.com  

  
Partner Organizations: RedoxBlox, Siemens, Ansaldo Energia, ARPA-E, DOE SETO 

1. How RedoxBlox Thermochemical Battery Technology Works 
The RedoxBlox thermochemical battery technology takes electricity from the grid, stores the 
energy, and returns electricity to the grid on demand as would a conventional (electrochemical 
battery). When there is excess renewable energy on the grid it is sent to the RedoxBlox 
thermochemical battery, consisting of magnesium manganese oxide redox material, where 
the electricity is dissipated into high temperature heat. The high temperature heat drives a 
highly endothermic reversible chemical reaction (reduction), as shown in the figure. The 
thermochemical reaction stores large quantities of heat (2300 MJ/m3 - three times the energy 
density of molten salt). When electrical energy is needed for the grid, atmospheric air reacts 

with the redox material which 
reverses the reaction 
(oxidation) and liberates the 
thermal energy.  The hot air 
expands across a turbo-
generator and sends 
electricity back into the grid 
as pictorially shown in the 
figure. 

 
2. RedoxBlox Background and Thermochemical Battery 
 
RedoxBlox Inc. is a spin-out company from Michigan State University (MSU) based in East 
Lansing, Michigan, U.S.A. The company aims to commercialize disruptive energy storage 
technology to enable deep renewable energy penetration on a global scale. The core 
RedoxBlox innovation is a unique magnesium-manganese oxide redox material that is used 
for thermochemical storage. In this thermal energy storage system, low-cost renewable 
electrical energy is stored by resistively heating a packed bed of redox material up to 1500 °C 
at reduced pressure, as the material is reduced, releasing pure oxygen. The stored energy is 
recovered by passing compressed air from a gas turbine through a packed bed to re-oxidize 
the material and release heat that is then used to generate power using the gas turbine 
expander. The unique technology features ultra-low-cost energy storage at about 10 $/kWhth, 
earth-abundant materials, record-breaking energy densities of over 2300 MJ/m3, excellent 
thermal stability and cyclability, high operating temperature of 1000-1500 °C, and the ability 
to seamlessly integrate into the existing gas turbine power generation infrastructure with no 
need for additional gas storage or heat exchangers.  

212/7/2022

Ambri’s batteries are ideal for daily cycling, 4-24 hour duration energy storage applications
▪ Energy storage systems CapEx at up to 25% below 4-hour, Li-ion systems
▪ 20+ years lifespan with minimal fade
▪ Safe – no gas generated, no thermal runaway 
▪ Uses commonly available materials

Commercialization Path
▪ Direct system sales to utilities, IPPs in grid scale energy storage market
▪ Plan to build, own and operate production of complete DC systems from 2024

Company Background
▪ Spun out of MIT in 2010 
▪ Investors include Bill Gates, Reliance New Energy Solar, Paulson & Co,                         

Fortistar, GoRozen, Japan Energy Fund

Executive Summary
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LDES FUTURE: EXACTLY HOW MUCH & 
EXACTLY WHAT KIND ARE A BIT UNCLEAR

2060 US Grid
-225-460 GW
-$330B Capital

2023
Brown, Botterud, 

Joule (2020)

Full US 
Grid Decarb: 

2-6 TWh 

2020

LDES Counsel* 
Global 

85-140 TWH cumulative

Cumulative capex 
$1,500-3,000 US dBn

2021



THANK YOU

Sue Babinec
sbabinec@anl.gov
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