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Sensible Heat Storage Systems 
for Concentrating Solar Power

• Two-Tank Molten Salt TES
• Conventional TES installed in several systems

• Energy stored as sensible heat in molten salt (Solar Salt)

• Typical costs $23 to $28 per kWh for a 2200 MWh store

• Dual Media Thermocline TES 
• Energy stored as sensible heat in a dual media of Molten 

Salt (~35% by volume) and Rock (~65% by volume)

• Typical Cost $15 to $18 per kWh for a 2200 MWh store



Motivation for Dual-Media Thermal 
Energy Storage 

Typical Utility Scale Plant = 100 MWe

Typical TES Storage (8h store) = 2200 MWht

Cost of 2-Tank Thermal Storage* = $47MM ($21.4 / kWht)

Cost of TerraKline Thermal Storage** = $34MM ($15.5 /kWht)

Reduction in cost = 27.7%

*   Solar Salt Storage Media (565 oC)

** Solar Salt + Rock Storage Media (565 oC)

Assumption: Costs are based on data from DOE report of a 2700MWht Abengoa Two-Tank 
Molten Solar Salt Thermal Storage system



Technology Challenges with Dual-Media 
Thermal Energy Storage (DMTES)

Thermocline 
degrades during 
cyclic charge and 

discharge

Thermal Ratcheting  
due to contraction 

and expansion during 
cyclic charge and 

discharge
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Temperature vs time profile
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Thermocline Degrades with Consecutive Charge 
and Discharge Cycles
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Charge and Discharge Times Decrease with 
Consecutive Charge and Discharge Cycles
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Thermocline Degrades with Consecutive Charge 
and Discharge Cycles with DMTES

Degradation of Thermocline =  Reduced Capacity to Store with Each Cycle

• Red: End of discharge 
• Green: End of Charge



Terrafore’s Solution to Thermocline 
Degradation – TerraKline TM

TerraKline TM is a Controller that maintains the Thermocline with every 
Charge and Discharge Cycle

• Two Different Methods

▪ Actively Managed 

▪ Passively Managed



No Degradation of Thermocline with
Active TerraKline Controller

Temperature Profiles for consecutive 
storage cycles

at end of discharge (red) cut-off 
temp

at end of charge (green) cut-off 
temp



Charge and Discharge Times Remain same 
with Consecutive Storage Cycles

Time to Charge or Discharge
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• Red: End of discharge 
• Green: End of Charge

Charge and Discharge Times remain as designed



Patented TerraKline Controller Solves the 
Thermocline Degradation Problem

• Applicable to single media or 
various combinations of dual 
media (Solid-Air, Solid-Oil, …)

Two Issued Patents 
(11473852 issued in 2019, 
8554377 issued in 2010)

Third Patent (pending) for 
use in idle oil wells



DMTES with Active TerraKline System



Distributors at Various Levels in the Tank can 
be Expensive



An Alternate Implementation Avoids use of 
Distributors in the Middle of Container



Using Phase Change Material (PCM) at Top and 
Bottom of Container Flattens the Thermocline 

• PCM flattens the thermocline upon exit
• PCM at top, and bottom

Dual Media TES

High Temp  PCM 
Low Temp PCM

Passive TerraKline Method



Dual Media Passive TerraKline System
with Phase Change Material 

Dual Media TES Two Tanks in Series

High Temp  PCM 

Low Temp PCMMed Temp PCM



Dual Media Passive TerraKline System
with Phase Change Material 

Med Temp PCM

Dual Media TES Two Tanks in Series



Dual Media Passive TerraKline System
with Phase Change Material 

High Temp  PCM 



Dual Media Passive TerraKline System
with Phase Change Material 

Low Temp PCM



DMTES using Rock + Caloria HT-43  

for 10MW Solar Pilot Plant (1979)

Thermocline Simulation
Unpublished Paper, Anoop Mathur (1982)





Design 
Equations 
for Dual-
Media 
Storage



Cost Optimum 
Design 
Tank Height to 
Diameter



Optimum 
Particle Size



Thermocline 
Profiles during 
discharge



Cyclic 
Performance of 
Thermocline



Hot Oil 
introduced at 
bottom of tank
- illustrates 
spreading of 
thermocline



DOE Project (Pending) – Dual Media TES
U.S. DOE Funding Opportunity DE-FOA-0003080, Topic Area 2

• Budget Period 1 (~ One Year)
oEngineer a test scale TES (~5MWht)

• Budget Period 2 (~ One year)
oBuild and Install the TES with sCO2 Heat Exchanger at SWRI, 

San Antonio, TX
oPerform tests with active control system to re-establish the 

thermocline and measure performance



Terrafore’s test rig to test TerraKline™
Taconite+Molten Salt 

used an air pump to pump molten salt 



Temperature Profiles during charging Taconite+ Molten Salt



Questions
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A complete System with Thermal reservoir and RHTHP System 
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Passive TerraKline System for a Borewell TES
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Borewell Thermal Energy Storage 
With Heat Pump and Power Generation using RHTHP System


