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Flow Battery Basics
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Vanadium Redox Flow Battery
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ESS Inc Iron Flow 
Battery
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ESS Electrolyte

Plus other chemicals in minor content to act as ion carriers and catalysts
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Electrolyte
Iron Plating
Electrode

Charging/Discharging

During charging iron collects 

(electroplates) on the negative electrode

During discharging iron dissolves back 

into solution
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Power Module/Stack

Cell



Electrolyte Health Management
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• All batteries have side reactions

• Some side reactions can cause capacity loss

o Irreversible Losses (Li+, Pb-Acid)

• The side reactions in ESS iron flow batteries are 

reversible

o Reactions are reversed through electrolyte 

health management

o No lifetime capacity loss!

o Two different styles of proton pump in the 

electrolyte health management system 

continuously reintegrate the hydrogen produced 

from the side reaction back into the electrolyte 

maintaining the ionic balance



Global Energy Transition 
+ Long-Duration Storage
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The Global Imperative to Transition to Renewable Energy

Extreme climate-

driven weather 

events are now 

the norm. Deadly 

extreme weather 

events in the 

U.S. have cost 

nearly $2.5 

trillion since 

1980.

The world’s 

appetite for 

electricity is 

growing unabated. 

Global electricity 

demand rose 

by 6% or 1,500 

terawatt hours 

(TWh) in 2021.

The risks of today’s aging 

energy infrastructure are 

readily apparent – and 

more dangerous. 

Today’s solutions need to 

last for decades.

Increasing concern 

for energy and 

national security.

The cost for utility-scale 

solar PV power has 

declined 82% since 2010 

and the costs for onshore 

and offshore wind have 

declined 39% and 29%, 

respectively 
(both are now cheaper 

than fossil fuels).

A global transition to 

a decarbonized world 

is underway. 

To preserve a 

livable climate, 

greenhouse-gas 

emissions must 

be reduced to net 0 

by 2050.



Renewable Penetration Drives Energy Storage Needs

ESS Tech, Inc.Source: EIA, CAISO and Company reports

Evening use of long-duration stored energy

600

400

200

0

KW

Time of Day

6AM 12PM 6PM 12AM

Storing energy

Releasing 

stored energy

Solar Energy

Releasing 

stored energy
Load

Lack of storage caused more than 2.6 TWh to be wasted in 2023 in California alone

The Solar Duck Curve
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Dispatchable sources



Batteries 
are a BIG 
Part of the 
Solution

Source: IEA, World Energy Outlook, 2021
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The Four Families of Long-Duration Energy Storage

Electro-chemical

Battery

Intra-day

Tech examples*
Redox flow

Sodium

Metal-air

Thermal

Intra-day

Tech examples*
Sensible heat

Latent heat

Thermo-chemical

Multi-day

Mechanical

Intra-day

Tech examples*
Pumped hydro

Compressed air

Liquid air

Multi-day

Chemical

Seasonal

Tech examples*
Hydrogen

Ammonia

Electrofuels

* Non-exhaustive

Source: LDES Council / Future Cleantech Architects

10+ 
Hours
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How Long-Duration Energy Storage (LDES) 
Fits into Our Energy System

Renewable energy smoothing

Distributed energy resources

Energy cost savings 

Resiliency and reliability

Sustainability goals

ESS Tech, Inc. 17Catalyzing A Clean Energy Future. Every Day.



Two Major Value Propositions of LDES

Energy shifting

Time horizon Role of storage Typical solution

Intraday Balance variable daily generation with load 8-24 hours LDES

Multiday

Multiweek

Support 

multi-day imbalances

Absorb surplus generation 

to avoid grid congestion

24+ hours LDES

Seasonal duration Support during 

seasonal imbalances

Mitigate extreme 

weather events

Pumped hydro 

and compressed air

Grid services

Inertia Fast frequency 

response (FFR)

Primary / secondary / 

tertiary reserve

Reactive power / 

voltage control

Short circuit level 

improvement

System restoration / 

black start
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ESS Inc



Company Overview

ESS Founded in 2011 with mission to 

develop the safest, most cost-

effective and sustainable long-

duration energy storage technology

Headquarters Wilsonville, Oregon

Facilities 250,000 ft2 manufacturing plant

Automated production line currently 

scaling to 2GWh annual production

Employees 300+

Technology Iron flow battery for utility-scale 

and commercial applications

Publicly traded NYSE: GWH

ESS Tech, Inc. 20Catalyzing A Clean Energy Future. Every Day.



ESS Iron Flow Batteries



Simple but revolutionary technology 
purpose-built to solve energy storage, 
now and for decades to come



First commercial pilots in 

2015

Commercial shipments in 

2022

Energy Warehouse  Overview 

Fully integrated 

containerized  design

Fast and easy to deploy and 

commission
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Energy Center  Overview 

Front-of-the-meter 

solution

Modular design for 

utility-scale applications

In production
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Benefits of 
Iron Flow Batteries



ESS Benefits

ESS Tech, Inc.

What Customers Demand How ESS Transforms the Grid

Long duration, no 
degradation

• Up to 12 hours

• Unlimited cycling capability without degradation

• Can replace coal and gas with 
solar and wind

• Designed for utility-scale applications

Low cost
• 25-year lifetime

• No augmentation required

• The first truly low-cost flow battery

• In commercial production today

Power on demand
• Multi-cycling, fast response capability

• Operating flexibility enables multiple benefits

• Improved grid resiliency and flexibility

• Enables multiple use cases

Safety, reliability, 
and bankability

• UL 1973, UL 9540, UL9540A, NFPA 855

• Wide operating temperature range

• Can deploy in a wide range of geographies

• No HVAC needed – cuts CAPEX and OPEX

Sustainability
• Safe and sustainable

• Easily sourced materials; recyclable components

• “Plug and play” with 25-year design life

• Environmentally sustainable

• Accelerates clean energy transition

*Certified to UL 9540 by ETL 26Catalyzing A Clean Energy Future. Every Day.



Responsibly 

sourced materials
• Earth-abundant iron, salt 

and water 

Recyclability

Global warming 

potential (GWP)
• 67% lower CO2 emissions 

than Li-Ion1

Sustainability Advantages 
of Iron Flow Batteries

ESS Inc. Proprietary and Confidential 27

Note GHG impact is dependent on specific Li-Ion chemistry.

1 He, H. et al. “Flow Battery Production: Materials Selection and Environmental Impact.” 

Journal of Cleaner Production. Vol. 269. 1 October 2020. 

 Noguera, E., Comparative LCA of stand-alone power systems applied to remote cell towers, 2014. 

• Contains all natural and easily 

     sourced materials

• Recyclable components



ESS Use Cases



Distributed Generation

Representative ESS Deployments

ESS Tech, Inc.

Utility-Scale DER

Green Baseload Energy

Utility-Scale DER

Airside Operations
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ESS Technology Serves a Wide Range of Use Cases

Use case Use case Use case Use case
• Replaces coal or fossil baseload 

generation with renewables

• Scalable support for 

critical infrastructure

• Electrification of airside 

ground operations

• EW will store energy for a fleet of 

E-GPU’s, replacing planeside 

diesel generators

• Standalone LDES storage for 

large-scale renewable integration

• DER for community resiliency 

and environmental justice

• Behind the meter microgrid 

• Energy shifting, load management

• Resiliency 

Project benefits Project benefits Project benefits Project benefits
• Enables retirement of fossil/coal power 

stations and deep grid decarbonization

• Eliminates CO2

• Creates and supports local employment

• Safely supports passenger 

aircraft ground operations

• Reduced carbon emissions and 

improved ground-level air quality

• Supports Schiphol Group’s 

ambitious 2030 carbon goals

• Equipment supply surety that aligns 

with strategic infrastructure needs

• Local economic development

• Enables deep decarbonization

• < 5 yr. payback on energy cost savings

• >$800K in resiliency benefits

Airside Operations Utility-Scale DER Distributed GenerationGreen Baseload Energy
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Thank You!

ESS Tech, Inc.

26440 SW Parkway Ave.

Wilsonville, OR 97070

www.essinc.com
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