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Concentrating Solar
Thermal Energy Storage

CSP —TES Value Proposition :

“Solar power generation independent

of the diurnal cycle”
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The first large scale Parabolic Trough CSP System

Ehe New JJork Times

American Inventor Uses Fogypfs Sun for Power

.&p]_:lianc-e Concentrates the Heat Rays and Produces Steam,
Which Can Be Used to Drive Irrigation Pumps in Hot Climates
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Presentation Outline

Background

What Is the State-of-Art?

Current R&D Efforts in Energy Storage

Game-Changing ldeas & Technologies
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History & Value Proposition

» Background
* Energy crisis & recession of the 70’s
e Mandate to make renewable-energy technology affordable

= Requirements:
e High density storage medium for compact TES
e Low specific cost, easy to maintain, use and operate
e Must last at least 30 years without requiring major overhaul

Best-fit technologies that can dramatically'

improve efficiency
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During Albert Einstein’s stint as a
orofessor, one of his students came to
Nim and said:

" The questions of this year's exam are

the same as last years’! ”

"True," Einstein replied, "but this -
year all answers are different.”
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Solutions

Engineering solutions vs Deep science solutions

“The pace of change of technology is determined by the
changes in the materials technology” - Ozzie Severson
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Types of Thermal Storage

* There are different ways to store
thermal energy

— sensible

— heat of transition eg. phase change
— chemical energy
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la.Sensible Heat TES
Direct Two Tank Liguid Media

1b.Sensible Heat TES
Indirect Two Tank Liguid Media

lc. Sensible Heat TES - Solid
Media (enhanced heat capacity
concrete with embedded tubes)

1d. Sensible Heat TES - Dual

Media (Salt or Oil & solid (Rock))
Thermacline

1le. Sensible Heat TES
Liquid Media (Salt or Oil)
Thermocline

2a. Latent Heat TES
Macro-encapsulated PCM in
Tubes

terrafore
Near Term Technologies for Thermal Energy Storage

2 b. Latent Heat TES
Micro-encapsulated
Spheres (Terrafore)

)
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2c. Latent Heat PCM
TES
Cascaded PCM Tanks

2d. Active Latent Heat
TES with Actively
Managed Thermocline
(Terrafore)




terrafore

Example 1. Challenges with
Latent Heat in PCM

Reduced amount of salt

Improved thermodynamic
cycle efficiency

Improved charge cycle
efficiency

Challenge —

Getting heat out (at desired heat rate) cost
effectively is difficult
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Active Heat Exchange Research Path(s)

e Enhanced Heat Transfer Area

» Encapsulation
* Create a void inside the capsule during formulation

> Metal foams

 Enhanced Heat Transfer
Coefficient
» Molten Salt Slurry
« Modify the morphology of freezing salt
« Modify the heat transfer surface
» Direct Contact of PCM with a liquid

» Reflux boiler

A. Mathur
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Example 2. Challenges with
Thermally Stratified Storage

 Requires one container
 Reduces the amount of fluid (molten salt)
— Potential to use dual media (solid-liquid)

e Simpler operation R

Stratified
Thermal

Energy

\\ Storage )

Challenges -
1. Charge / discharge cycles cause thermo-cline to degrade
2. Expansion / contraction of solid causes thermal ratcheting
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Thermocline Degrades with partial
charge discharge cycles

Thermocline Performance (No active control)
for 10 Full (Exit Temp within 5% of desired) Charge and Discharge Cycles

|cym1fuydmm

| Cycle 1 MIU/?MgBd [

i} | I [ | 1 | I I | |
0 0.1 0.2 0.3 0.4 0.5 0.6 07 0.8 0.9 1
Normalized Temperature (= designed cold temperature, 1=designed hot temperature )
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A Solution — Active Management of
Thermo-cline with Intelligent Controller
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Example 3. Innovative Components —
Molten Salt Pumps

* Limitations of vertical turbine pumps

— Long shafts, Mechanical complexity
— Difficult to install

— Difficult to maintain

e Submersible Pumps

No need for seals, No need for long shafts
Can be installed inside the tank or in-line outside
Can be installed at different heights

Mechanically simpler, Reliable
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Challenges with Submersible Pumps

A 'wet-motor' need to be designed.

— This means the stator and the rotor are exposed to molten salt.

High temperature windings

— By operating at low voltages and high currents, it is possible to
reduce insulation requirements for the windings.

Bearings

— The bearings will have to be lubricated by the fluid being
pumped, i.e. molten salt.

Core (big challenge)

— Magnetic core materials are needed for the motor stator and
rotor with acceptable magnetic properties at very high
temperatures.

A. Mathur
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Example 4. Deep Science ( New Materials) ?

* Fundamentally changing the

material properties

e Find materials (nano?, salt mixtures)
to significantly alter thermal
properties - specific heat, thermal
conductivity

e |dentify additives to change the
morphology of solidification

 Modify heat transfer surface

Innovation through Advanced Materials
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Opportunity for Leadership

1.
2.

Significantly
Improve heat transfer

Increase energy density / specific heat
Ca pa C|ty (of readily available materials)

Bere mq c
0
i

Reduce complexity & cost
BY

Smart systems & control engineering
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Innovation
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Use of or altering the fundamental
properties of advanced materials

Developing innovative equipment



Lead
with

Innovation

Anoop Mathur
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