
Thermal Storage

Renewable Thermal Technology



Thermal energy storage balances the mismatch in supply and 
demand for heating by offsetting differences in time and quantity 
of heat production

Source of thermal energy Thermal energy storage Thermal energy release

Low-cost intermittent electricity or 

waste heat sources supply thermal 

energy

Thermal battery stores heat at 

elevated temperatures for several 

hours to days

Thermal storage releases heat for 

useful industrial processes 



Several forms of thermal energy storage are currently 
commercially available or under development

• Materials: rock, sand, 

ceramic, metals

• Materials: water-based, thermal 

oils, molten salt, molten metal

• Materials: organic solutions, 

inorganic solutions

• Materials: liquid-gas, solid-

gas, solid-solid crystal

Solid Liquid Solid-Liquid Others

Sensible Latent (phase change)

• Temperature: Up to 1,500⁰C 

delivered

• Temperature: Up to 1,600⁰C 

delivered

• Temperature: Up to 120⁰C 

delivered

• Temperature: Up to 175⁰C 

delivered

Source: Advanced cooling technologies

• Cost: Low • Cost: Medium • Cost: High • Cost: High

• Applicability: Large utility 

or industrial scale thermal 

storage

• Applicability: Space and 

water heating for buildings or 

concentrated solar power

• Applicability: High heat 

storage in limited volume or 

rapid heat transfer required

• Applicability: High heat 

storage in limited volume or 

rapid heat transfer required

• Maturity: High • Maturity: Medium high • Maturity: Medium low • Maturity: Low

Focus of this fact base



Heating using stored thermal energy is applicable to all but 
the highest temperature applications

Not applicable Potentially applicable Currently deployed

Key properties of electric 

resistance plus thermal energy 
storage heating include:

1,500 ⁰C max. temp. delivered

High heat flux

Heats all materials

These properties align with 

requirements for several 
process heating applications. 

Industry 

Sector
Process Heating Applications Relevant Equipment

Refineries Distillation Reactors Boiler, process heater

Chemicals Distillation Drying Reactors
Boiler, process heater, furnace, 
air heater

Iron & steel Pelletization Hot rolling
Basic oxygen 

furnace
Blast 

furnace
Boiler, furnace

Food Drying Pasteurizing Boiling Sterilizing Washing Cooking Air heater, boiler, oven

Paper
Stock 

steaming
Drying

Wood 
processing

Evap. & 
chem. prep.

Lime 
calcination

Air heater, boiler, oven, furnace

Cement
Pre-heating & 

treating
Melting 
furnace

Forming Annealing
Kiln 

combustion
Furnace



Intermittency of low-cost renewable or waste energy is the 
primary driver of thermal energy storage
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Energy flow

Hour of the day

0 244 12 16 20

Thermal 
charging

Heat delivery Heat delivery

Low-cost renewable intermittent 

energy (e.g., solar PV)

Time-of-use tariffs and 

other time shifting 

electricity price signals are 

likely required to drive the 

economic viability of 
thermal energy storage 



Thermal energy storage using low-cost intermittent electricity 
has potential to be cost competitive with natural gas heating in 
many circumstances
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1. Thermal storage combined with electric resistance without T&D costs and with 30% IRA investment tax credits; 2. Thermal storage combined with grid electricity at industrial 
retail prices in May 2022 from EIA; 3. Range of industrial electricity prices in May 2022 from EIA; 4. Range of industrial natural gas prices in May 2022 from EIA

LCOHs reflect off-grid renewable electricity without T&D costs – the most 

economic deployment model. Final electricity costs from off-grid sources 

are highly dependent on electricity supply and transmission availability.

IRA electricity subsidy

IRA thermal storage CAPEX subsidy

Subsidized price

Thermal storage

$10/MWH 

intermittent 
renewables



Thermal storage with electric resistance can by economically 
competitive with natural gas depending on source and cost of 
renewable electricity
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Average US LCOH ($/MMBtu)

NG 6%/year growth
NG 3%/year growth + tariff1

NG 2%/year growth

NG 3%/year growth

Subsidized offshore wind2

Subsidized onshore wind2

Subsidized solar2

1. Based on $51/tonne CO2 social cost of carbon; 2. Thermal storage combined with electric resistance without T&D costs and with 30% IRA investment tax credits

Assumption: Industrial electricity rates 

expected to grow 2% per year

Intermittent renewables 

at $10/MWH2
X



Renewable thermal collaborative (RTC) includes three thermal 
storage sponsor companies

• Based in Israel, with projects worldwide 

include the US

• Charges thermal battery using electricity, 

biomass, flue-gas, heat recovery, or a 

combination of these inputs

• Reaches temperature up to 750⁰C

• System is modular and is fully integrated with 

heat exchangers and a steam generator

• Based in California

• Uses intermittent low-cost power to 

charge thermal energy storage, 

provides on-demand industrial heat 

and power

• Reaches temperature up to 1,500⁰C

• Rapid charging modular system

• Based in California, with first 

operational customer in August 2022

• Uses intermittent low-cost power to 

charge thermal battery, provides on-

demand industrial heat and power

• Reaches temperature up to 1,500⁰C

• Achieves 98% efficiency with common 

insulation materials, and loses 2% 

energy per day



Can reach most temperatures 

required for industrial processes

Bridges gap during periods of 

low intermittent energy supply

Provides grid service as 

dispatchable demand source

Integration of energy storage into 

industrial processes required

Current low awareness and 

maturity of technology

Not a standalone heating 

technology, requires heating input

Potentially high

capital costs
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Utilizes low-cost zero-

emissions intermittent energy

Thermal energy storage for industrial heating has many 
advantages, but faces several major barriers to adoption 



Disclaimer

This document has been prepared in good faith on the basis of information available at the date of publication without any independent 
verification. The drafters do not guarantee or make any representation or warranty as to the accuracy, reliability, completeness, or currency of the 
information in this document nor its usefulness in achieving any purpose. Readers are responsible for assessing the relevance and accuracy of the 
content of this document. It is unreasonable for any party to rely on this document for any purpose and the drafters will not be liable for any loss, 
damage, cost, or expense incurred or arising by reason of any person using or relying on information in this document. To the fullest extent 
permitted by law, the drafters shall have no liability whatsoever to any party, and any person using this document hereby waives any rights and 
claims it may have at any time against BCG with regard to the document. Receipt and review of this document shall be deemed agreement with 
and consideration for the foregoing.

This document is based on a primary qualitative and quantitative research. It does not provide legal, accounting, or tax advice. Parties responsible 
for obtaining independent advice concerning these matters. This advice may affect the guidance in the document. Further, the drafters have made 
no undertaking to update the document after the date hereof, notwithstanding that such information may become outdated or inaccurate. The 
drafters have used data from various sources and assumptions provided to the drafters from other sources. The drafters have not independently 
verified the data and assumptions from these sources used in these analyses. Changes in the underlying data or operating assumptions will clearly 
impact the analyses and conclusions.

This document is not intended to make or influence any recommendation and should not be construed as such by the reader or any other entity.

Apart from any use as permitted under the US Copyright Act 1975, no part may be reproduced in any form.


