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Applications : Renewable integration ,Time

shift , Back-up , Peak shaving

Equivalent cost to Li-ion batteries systems
Superior economics for applications with 2
cycles per day or more

Green, No Chemicals, No fire hazards

Kinetic energy storage in a flywheel

Long life and Unlimited Number of
Charge/Discharge Cycles

Depth Of Discharge close to 100% over full

lifetime

Accurate Capacity Reading

Wide Operating Temperature range

12 kWh / 6 kW system
180X120X60cm



System Price [$]
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Battery TCO vs. Cycles per Day (CDC)
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ThermaSphera Process Flow Diagram

Schematic Piston/Booster Discharge
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Low cost and readily available
non-flammable and non-toxic
chemically stable

high latent heat of fusion
high thermal conductivity

low changes in volume due during phase change

low vapour pressure
Thermal stability
non corrosive

High volumetric storage density and High specific heat

capacity

Smaller temperature change between storing and

releasing energy
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4.5X4.5m land area _ 4 2 eh,
Packed in a standard container_ _Op to 50KW, charge and discharge



Terragenic Technology

One Pot
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Energy storage by : Energy Generation by :
1. Single phase Hydride synthesis 1. Stable, ambient, non flammable liquid fuel
2. Molten electrolysis transition metal recovery 2. Active and resilient catalyst

* High conversion rate * Absolute safety — non flammable, non explosive, ambient

* Energy efficient process * On demand hydrogen generation

* Scalable to MW scale * Scalable to MW scale

* Flexible energy input * Active and resilient catalyst synthesis method

» Standard metallurgy industry modules * Multiple consumption options (on site, remote delivery, mobile fuel)

* Simple distribution and consumption infrastructure

£\ terragenic




TerraGenic Superiority
1.
2.
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Scalable to MW

Multiple consumption/revenue

streams
Competitive LCOE
Absolute safety

Round-trip efficiency

Discharge cycles

Energy Density Wh/Kg
Power Density W/Kg

Safety

Utilization

LCOE (C/KWh)

Grid Energy Storage

( Terragenic\

39-41%

Unlimited

High
High
Absolute
Safety

Multiple
revenue
streams

24 )

H2 Electrolysis

35%
Unlimited
High

High

Flammable,
Explosive

Back to grid

28

LAES

60%*

Unlimited

Medium

Medium

Acceptable

Back to grid
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Batteries

85%

Limited

Low

Low

Dangerous
reactants

Back to grid

80-100




Integrated Receiver — Novel Innovative Concept

Fresnel
concentrator \
Concentrated
radiation flux
HTF inside
glass pipe
PCM Media L e
Insulation
layer

Metallic canister use for:
radiation absorbing & PCM
container

TAMUZENERGY
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Major reduction compared to conventional TES cost
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Tamuz Energy Proprietary information
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Rational for Buffer Storage D
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Buffer TES can reduce up to 15% of system IRR !
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Sensible heat Ceramic thermal storage unit

HTF - air, thermal oil, etc.
L

msulation
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insulation equations

Thermocline concept

Charging Conditions
Charge Time = 4hrs

Inlet Conditions Outlet Conditions
Mass Flow = 4 kg/s

Discharging Conditions
Discharge time = 8 hrs

Outlet Conditions Inlet Conditions
p — _ Temp = 295 2C
femp = 3955 Mass Flow = 8kg/s RCTE M

Less than 6% Thermal Loss



Temperature Profiles during charging and discharging
Temperature Profile vs. Time within a Cycle
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Solar Receiver

Thermal Storage




APPLYING PCM STORAGE TO DSG

The problem

Heat transfer restricted by
PCM solid layers
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The solution schematic
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. . . . . . 10 20 €0 40 0 L] 70 90 0 100
High pressure steam is flowing in the pipes while the d A3 3 S0k s corags e o
o Fig. 9 Heat transfer from PCMto  Fig. 10 Heat transfer rate from PCM to heat
PCM f|||s the She" arou nd ¢ aembedded heat . exchanger tube (Fig.9, d=10mm) during
exchanger tube during discharge for constant temperature
discharge difference of 10K between melting

temperature and steam, various values for
thermal conductivity of salid phase of PCM

Heat isolation steel
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Solidification with star insert - Thermal Oil
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Insert effect on rate of Solidification (Discharge)
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Temp. gradient effect on rate of solidification
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* Factor of 12 presented for the more critical solidification rate R CTEM




