
Proprietary—Malta Owned Information

“Utility scale long duration synchronous pumped heat 

electricity storage for the energy transition“
Michael Geyer, Malta Inc.

April 28th, 2022



Proprietary—Malta Owned Information

Introduction of Malta Inc.

▪ Malta’s ownership represents a unique balance of bold 
visionaries and world-class execution experience
▪ Breakthrough Energy Ventures
▪ Google
▪ Proman
▪ Chevron and Piva

▪ Strong commitment in Europe
▪ Malta Iberia Pumped Heat Electricity Storage SLU
▪ Malta Hochtemperatur Wärmepumpen Stromspeicher

GmbH

▪ Selected strong Own Equipment Manufacturers
▪ Heat Exchanger OEM – Alfa Laval
▪ Turbomachinery OEM – Siemens Energy

▪ Foundig Member of Long Duration Energy Storage Council

Investor

Investor & 
OEM Heat
Exchangers

EPC/
User

Incubator & 
User

OEM
Turbo Machinery

Iberia Pumped
Heat Electricity
Storage S.L.U
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Power To Heat To Power and Heat

Breakthrough Utility Scale Synchronous Power & Heat Storage

Long duration energy storage = from 10+hrs to days and weeks
Utility scale synchronous dispatchable power > 100MWe
Long lifetime > 25 years, no storage medium degradation

Competitive < 200USD/kWh LDES capacity
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Kathu, South Africa Xina, South Africa Gansu Akesai, China Las Arenales, Spain La Africana, Spain

Solana, USA Ashalim, Israel Solana, USA Noor 2, Morrocco Valle 1, Spain

Bookport, South Africa

Gemasolar, Spain Noor 3, Morrocco Cerro Dominador, Chile

Fresnel Shouhang
Dunhuang,  China

MS Tower Shouhang
Dunhuang,  China Extresol 2, Spain Manchasol, Spain Andasol 3, Spain

Malta makes mature synchronous utility scale long duration
molten salt storage competitive for all variable renewables
increasing charge/discharge efficiency and reducing cost
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https://www.ren21.net/wp-

content/uploads/2019/05/gsr_2019_presentation.pdf

➢ Global stationary and grid
connected energy storage
capacity in 2019: 167GWe

➢ of that 95% is pumped hydro

➢ of the Non-Pumped Hydro over
40% is molten salt thermal
storage

Role of Thermal Storage
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Convert variable renewable into dispatchable sync power

Power to Heat to Storage to Power & Heat

Charge with variable
non-sync Renewables

Discharge sync power
and heat

Heat

Sync Power



Proprietary—Malta Owned Information 7

Thermal LDES typically offers two major value propositions

Grid servicesEnergy shifting
Time 

horizon Role of storage

Intraday Balance variable daily 

generation with load

8-24 hours 

LDES

Typical 

solution

Multiday, 

multiweek

Support multi-day 

imbalances

Absorb surplus 

generation to avoid grid 

congestion

24+ hours 

LDES

Seasonal 

duration

Support during seasonal 

imbalances

Mitigate extreme 

weather events

Hydrogen

Grid services offered by LDES 

Note: services 

are technology-

specific

Synchronous Inertia

Fast frequency response (FFR)

Primary/secondary/tertiary 

reserve

Reactive power/voltage control

Short circuit level improvement

System restoration/ black start

Intro

Source: Long Duration Energy Storage Council
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700MWe 12-15hour molten salt storage in construction now
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https://www.evwind.es/2020/01/30/worlds-tallest-concentrated-solar-power-tower-completed-in-dubai/73309

• Dubai Electricity Water 
Authority (DEWA) awarded 
950MW CSP/PV project in 2017 
at a record-low tariff of 
73/MWh for a 35year  power 
purchase agreement

• The $4.4 billion Noor Energy 1 
solar thermal project will be the 
world’s largest CSP plant and 
includes a

• 100 MW CSP tower plant with 
15hour molten salt storage

• 3x 200 MW parabolic trough 
plants with 12hours molten salt 
storage 

• 250 MW of PV capacity

https://www.evwind.es/2020/01/30/worlds-tallest-concentrated-solar-power-tower-completed-in-dubai/73309
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Storage molten salt and Li mined together in the Atacama

Lithium Mining in the Atacama Solar Salt Mining (NaNO3 and KNO3) in the Atacama
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Practical Example: Case of Spain and Iberian Peninsula

2025

2050

Iberia intraday generation on a spring day

Source: BloombergNEF

2030



Proprietary—Malta Owned Information

https://renewablesnow.com/news/eib-grants-technical-assistance-for-100-mw-
long-duration-storage-project-in-spain-770040/

220 kV Don Rodrigo substation
260MW synchronous capacity
> 500MW PV allocated

Solar radiation on Iberia peninsula

First synchronous 100MWe Malta PHES Project in Spain

• Synchronous Malta storage opens grid access to 262MW MGES 
Access capacity of Don Rodrigo substation

• Great potential for replication in Southern Europe and MENA

https://renewablesnow.com/news/eib-grants-technical-assistance-for-100-mw-long-duration-storage-project-in-spain-770040/
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Practical Example: Case of Chile

Decline of 
hydropowe

r since 
2015

Variable 
renewables 

rise since 
2014

Coal-exit 
started in 

2019

2009: First LNG 
Terminal built

2005: First 
gas crisis

2008: Gas 
crisis peaks

https://live.invitario.com/en/exit-coal-enter-future/registration/

https://live.invitario.com/en/exit-coal-enter-future/registration/


Why considering repurposing coal plants in Chile?

▪ Relatively new installations
▪ Utilizing existing infrastructure: 

▪ Power generation assets 
▪ Transmission lines
▪ Substations
▪ Port facilities 
▪ Water collection (water rights)

▪ Maintaining jobs at power plant sites for fair transition
▪ Power plants are installed in strategically important locations of the 

existing power system 
▪ Decommissioning is lengthy, costly and has legal uncertainties, etc.

▪ Case Study: Retrofit the 251MWe Angamos U1 coal plant with molten 
salt thermal energy storage

▪ Shut down the coal boiler and substitute it by a molten salt storage 
system

▪ Vary discharge time from 5 – 14hours
▪ Charging with renewable electricity at 20USD/MWhe



24/7 Solar Dispatchable Clean Electricity at 50USD/MWhe

Sunrise to sunset: 20USD/MWhe Sunset to sunrise: 
80USD/MWhe

To Grid
Directly

To Grid
Via

Thermal
Storage

Plant

50USD/MWhe average annual cost for 24/7 dispatchable clean electricity
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Malta Teamed Up with Duke Energy to Study Possibility of 
Converting Coal Units into Clean Energy Storage Facilities
May 19th, 2021: Malta Inc. has teamed up with Duke Energy to 
study the socioeconomic, environmental and operational benefits 
of converting retiring coal units into long-duration, zero-emissions 
energy storage systems by integrating Malta’s 100-megawatt, 10-
hour pumped heat energy storage system into existing 
infrastructure at a Duke Energy coal plant in North Carolina with 
the potential benefits including:
• Job retention
• Local economic impacts
• Environmental benefits
• Operational benefits
The goal is to scale technologies that are currently too expensive 
to compete with fossil-fuel-based incumbent technologies.
A U.S. Department of Energy grant is funding the year-long study 
of the emerging technology. 
https://news.duke-energy.com/releases/malta-teams-up-with-duke-
energy-to-study-possibility-of-converting-coal-units-into-clean-
energy-storage-facilities https://www.pv-magazine.com/2021/05/24/novel-approach-to-turn-coal-

plants-into-energy-storage-stations/

https://news.duke-energy.com/releases/malta-teams-up-with-duke-energy-to-study-possibility-of-converting-coal-units-into-clean-energy-storage-facilities
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Malta Pumped Heat Electricity Storage - How It Works

16

Hot Reservoir

Cold Reservoir

Power Unit    
.

HEAT
ELECTRICITY

Hot Reservoir

Cold Reservoir

Power Unit 

HEAT
ELECTRICITY

Consumption (Charge):
HEAT PUMP

Generation (Discharge): 
HEAT ENGINE
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Power To Heat To Power and Heat

Breakthrough Grid-Scale Synchronous Energy Storage

1. Collects. Renewable energy is collected from co-located or grid-connected wind or solar farms—or any other generation source

2. Converts. The electrical energy that is collected drives a heat pump, which is a machine that uses electricity to move heat from a colder location to a 

hotter location, effectively “converting” electricity to stored thermal energy. 

3. Stores. The heat is stored in hot molten salt and the cold is stored in a cold coolant.

4. Reconverts. The heat stored at the large temperature difference between the hot and cold tanks is used to drive the heat engine and reconvert the 

stored thermal energy back into electrical energy when it is needed. Useful process heat is released by the heat engine

5. Dispatches. On demand synchronous electrical power is sent back to the grid or end – the heat engine is a turbomachinery train with rotating inertia 

6. Heats. Useful process heat for industry and/or district heating/cooling is released by heat engine at discharge 
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Malta M100 3D Layout

18
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The process:

The working fluid, air, is compressed 

and heated up in the compressor and 

then transfers its heat to the molten salt. 

The air is then cooled down in the 

recuperator, expands in the charge 

turbine and then picks up heat again 

from the coolant, decreasing the 

coolant´s temperature. It gets heated up 

further in the recuperator and then 

enters the compressor again.

During the charge cycle, the system 

works as a heat pump, using the charge 

power to pump heat from the cold 

reservoir (coolant tanks) to the hot 

reservoir (molten salt tanks), achieving a 

Coefficient of Performance (COP) of 

around 1.4. 

Malta Electricity Charge Cycle

Confidential - Subject to Non-Disclosure Agreement or Restrictions
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T he proces s :

T he working flu id, air, is  com pres s ed in  

the dis charge com pres s or, heated up in  

the recuperator and then  fu rther in  the 

m olten  s alt HX . It drives  the dis charge 

tu rbine-generator wh ich  provides  

elec tric ity to the grid. T he air is  then  

cooled down in  the recuperator, the heat 

recovery HX and the coolan t HX before 

it en ters  the com pres s or again . T he 

was te heat from  the cyc le can  be u s ed 

as  proces s  heat at 120 °C .

During the dis charge cyc le, the heat 

s tored in  the hot res ervoir (m olten  s alt 

tanks ) is  converted back in to elec tric ity 

at h igh  effic iency in  a c los ed gas  tu rbine 

cyc le. T he res idual heat flows  back in to 

the cold res ervoir (coolan t tanks ). 

Malta Electricity Discharge Cycle

Confidential - Subject to Non-Disclosure Agreement or Restrictions
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Malta M100 Storage Interconnection Options
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Flexible Scale-Up of Capacity, Charge and Discharge

22
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PHES Pilot System at South West Research Institute, USA

• Southwest Research Institute (SwRI)  Pilot demonstration of  shared hot, cold, and recuperator heat exchangers, 
liquid hot thermal storage and liquid cold thermal storage—and functions as a small-scale pilot system of the 
Malta technology

• Design and construction of a pumped heat energy storage system with the same basic architecture as the Malta 
system—charge heat pump powertrain and discharge heat engine powertrain
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Thank You

Long-Duration
10 - 24+ Hours

Grid-Scale
100 MW+

Low-Cost
<€200/kWh


