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By 2017 there were more MS Carnot-Batteries than electro chemical Batteries
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Application of Carnot-Batteries

Uninterruptible power supply Transmission & distribution grid support Bulk power management
power quality load shifting

Hours

Flow Batteries: Zn-Cl Zn-Air e
T e, Carnot Batteries

_ Na$S Battery

High-energy Advartced Lead-acid Battery
Supercapacitors NaNiCl Battery

Li-ion Battery

Lead-acid Battery

High-Power Flywheels

Discharge Time at Rated Power
Minutes

Seconds

High-Power Supercapacitors

1kW 10 kW 100 kW 1MW 10 MW 100 MW 1GW
System Power Ratings, Module Size




In Spain 17 plants of thls type were built with 6500MWh storage
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In 2012 world’s largest molten salt storage system started operation
- the 6-hour storage of 280-MW Solana plant in Arizona




In 2012 world’s largest molten salt storage system started operation
- the 6-hour storage of 280-MW Solana plant in Arizona
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Most recent: 150MWe molten salt tower at Noor 3 in Morocco
- with 7.5 hour 565°C high temperature molten salt storage

Location: Oarzazate , Morocco (DNI 2.635kWh/m?2yr)

Source: Masen, Acwa, Sener




Most recent: 150MWe molten salt tower at Noor 3 in Morocco
- with 7.5 hour 565°C high temperature molten salt storage
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German Coal Commission published Jan 28, 2019
its report to step out from coal by 2038

Today 46GW coal plants
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German renewable gross production to be increased to 65% by 2030

« from 0 1N"2018
to 65% in 2030
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Carnot Batteries for decarbonization
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Power to Gas
Power to Liquid

Thermal Storage

Biomass (Carnot Battery)

Methane
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liquid carbohydrates Dispatchable Dispatchable
CO2 free coal
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Conversion of existing coal plant in a Carnot Battery thermal storage plant
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Conversion of existing coal plant in a Carnot Battery thermal storage plant
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Addition of the molten salt storage island to the existing Rankine Cycle

Phase 1: Pilot integration of molten salt storage in existing coal plant — proof of concept n,,ngtrip = 40%
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Substitution of resistance heater with heat pump to improve charging efficiency

Phase 2: Substitute resistance heater by heat pump for charging — proof of concept n,,,,gtrip, = 50%
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Conversion of existing coal plant in a Carnot Battery thermal storage plant

Phase 3: Pilot demonstration of reversible heat pump — proof of concept n,,,nqtrip = 60%
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Malta Grid-Scale Energy Storage

Electricity | Electricity

from the . back to the
Grid Grid When
it is Needed
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Technology Overview

Unique features:
 Air working fluid
* Liquid storage

* Hot & Cold

“New” Component Challenges

* CustomTM

» Affordable low-temperature
coolant

» Affordable large heat
exchangers

MALTA
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Heat Exchangers

Minichannel PFHX Recuperator prototype CAD
* Developed by contractor
* Test unit manufactured and
tested
* Next: plant-scale design and
manufacturing by OEM
partner

Intermediate build of
recuperator prototype

MIALTA




Turbomachinery

Axial “Gas Turbine” units for charge and generation

* Developed by contractors
* Small-scale design CFD and CAD for feasibility
* Next: plant-scale design, manufacturing by OEM partner

MIALTA



Major component layout and CAD rendering

« 10MW and 100MW plant design

* CAD developed by contractor

e Control concept, steady and transient simulation
models

* FEED and detailed engineering by EPC partner

MALTA

100MW x 10h, 170m x 100m




