




























Discharge
duration

Minutes

Seconds

Hours

Weeks

10 kW

Power 

1 MW 100 MW 250 MW

Days

Milli-

seconds

Long Duration Energy Storage

Power-to-X

H2

Li-Ion

Supercapacitors

Rot. Grid 

Stabilizers

Long-term storage based on hydrogen and Synfuels enables 

the coupling of all sectors of the economy.

Rotating Grid Stabilizers enable the grid to handle

fluctuating renewable infeed.

Supercapacitors store electric charges with a high-power 

density, thus delivering quickly high energy.

Batteries support fast and zero-carbon energy supply,

enable shifting to renewable energy and avoid curtailment.

RFBTES PHES

Thermal Energy Storage - TES enables decarbonization of 

industrial heat e.g., by providing high-quality process steam. 

(Thermo-) Mechanical Storage - (T)MES stores energy when 

demand is low and reuses it when demand is high. It also enables

renewable-firming and long-term storage.

Redox Flow Battery (RFB) stores energy when demand is low 

and reuses it when demand is high. It also enables

renewable-firming and long-term storage.



aFRR
 (automated Frequency Restoration 
 Reserve – Secondary Frequency Response)

 mFRR
 (manual Frequency Restoration 

 Reserve – Tertiary Frequency Response)

Complete activation within five minutes 
  and provision of negative or positive power 
   within a certain time slot 

Period per incident to be covered t > 
  15 min to 4 quarter hours or up to 
   several hours in case of several 
    incidents

FFR
 (Fast Frequency 
 Response – minute 
 reserve; synthetic 
 inertia)

Automatic & complete 
  activation of primary 
   control reserve within 100 
    (or similar) milliseconds

FCR
 (Frequency 
 Containment Reserve 
 – Primary Frequency 
 Response)

Automatic & complete 
  activation of primary 
   control reserve within 
    30 (or similar) seconds

Time

5 min 12.5 min30 s5 s120 ms

SIR  

Possible coverage of services by BESS

✓ ✓ ✓ ✓ (   )x
• Fast response time 

required
• Special BESS necessary

• No synchro-
nous equip-
ment

• Response time 
sufficient

• Mandatory capacity 
must be reserved

• Response time sufficient
• Mandatory capacity must be reserved

• Response time sufficient
• Mandatory capacity must be reserved

Possible coverage of services by SynCon + FlyWheel

✓ x x x x



Overview products / solutions for Ancillary Services
Frequency / power

< 120 ms
• Synchronous operating equipment
• SynCon

• FlyWheel
• Grid stabilizer Package

FFR 100 ms – 5 s

SIR

PFR

SFR

TFR

Re-dispatch

5 s  – 30 s

30 s  – 10 min

10 min  – 30 min

15 min  – 24 h

• Supercapacitors
• BESS (Li-Ion, Blue Vault)
• Grid Stabilizer Package

• SVC Plus FS

• BESS (Li-Ion)
• Mandatory hot reserve GTs & coal
• Pumped hydro

• Thermal storage (boiler or cooling)
• Renewable curtailment

• BESS (Li-Ion)
• Hot reserve of thermal generators
• Aero- and industrial gas turbines
• Electrolyzer & H2-storage
• Reciprocating internal combustion engines

• Thermal storage (boiler or cooling)

• Utility gas turbines cold
• BESS (Li-Ion & Redox Flow)
• Storage

• Electrolyzer & H2-storage
• Industrial processes

• Thermal generation i.e. SCPP, CCPP
• BESS  (Li-Ion & Redox Flow) for < 4 h
• Electrolyzer & H2-storage

Service Req. response time Equipment (example)

SIR – Synchronous Inertial Response
FFR – Fast Frequency Reserve

PFR – Primary Frequency Response
SFR – Secondary Frequency Response

TFR – Tertiary Frequency Response



SHANNONBRIDGE B 
SYNCHRONOUS CONDENSER AND BESS

Synchronous condenser, including the flywheel 
4000MWs of Inertia + 160 MWh











China Dunhuang Dacheng - 2020
Fresnel CSP 50 MW – 15H Storage

Molten Salt as HTF and Storage



Dubai - 2023
Noor Energy 1 - 950 MW Hybrid  Plant (CSP - 600+100) + PV plant (250MW)

12+15 Hours of Storage – HTF Tower Molten Salt – HTF CSP – Oil/VP1





Noor Energy 1 - 950 MW Hybrid  Plant (CSP - 600+100) + PV plant (250MW)
12+15 Hours of Storage – HTF Tower Molten Salt – HTF CSP – Oil/VP1



3 x SST-800/500 turbine sets for the three parabolic trough units 3x 206 MW
1x SST-700/900 turbine set for the central tower – 1x108 MW



China Three Gorges Hami - 2025
Fresnel CSP 100 MW – 8H Storage + PV 900 MW

Molten Salt as HTF 



ÉVORA - 2022
HIGH PERFORMANCE SOLAR 2 

3,5 MWth – 5 MWh @ 565 ºC
HTF – Molten Salt















Innovative Solutions for Electrification of Heat 
 → the Inductive Heater 

500kW demonstrator used to successfully 

heat compressed air and thermal oil
MW scale prototype implementation in preparation at 

several locations             

✓ Only technology with broad application to Medium Voltage

✓ Only non-contacting technology

✓ Modular and easily scalable with High Power Density

✓ Flexibility to heat a wide variety of process fluids

✓ Molten salt selected as process fluid for pilot implementation and 

initial commercial offering

Proprietary

► Unique inductive technology based on well proven 

Siemens Energy generator and transformer technology

► Input Voltage range: 11kV to 22kV 

► Power range per unit: 5 to >50 MW

► Thermal/electrical efficiencies: > 99%

► Design covers wide range of thermal applications 

with modular approach

► Temperature limit on process side: ~1200°C
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Siemens Energy Electric Heater

SMedium Voltage based Molten Salt Heating 

Main dimensions for one single-phase 20 MW module: ~6m x ~2,5m x ~2,5m (LxWxH)
→ Three single-phase modules are combined into one 3-phase 60MW unit

Electric

Heater

Industrial site, 

CSP-plant, etc.

Electricity 

Hot molten 

salt tank

Cold molten 

salt tank

HTF outlet

HTF inlet

560 C280 C

HTF…High Temperature Fluid

Electric heater + molten salt heat 

storage

Operating regime

For charging, the molten salt is pumped from the cold 

molten tank via the electric heater towards the hot molten 

salt tank. 

For discharging, the hot molten salt is pumped towards the 

heat consumers and further towards the cold molten salt 

tank.

Heat transfer/ 

storage fluid

“Solar salt” (60%wt NaNO3, 40%wt KNO3)

“HITEC” (53%wt KNO3, 40%wt NaNO2, 7%wt NaNO3)

Typical capacity 

range for molten 

salt heat storage

50 MWhth – 5 GWhth

(up to 2.6 GWhth with 1 cold + 1 hot tank)

Temperature range 

of storage system

Cold molten salt tank: ~170°C (HITEC); ~280°C (Solar salt)

 

Hot molten salt tank: ~460°C (HITEC); ~560°C (Solar salt) 


	Diapositivo 1
	Diapositivo 2
	Diapositivo 3
	Diapositivo 4
	Diapositivo 5
	Diapositivo 6
	Diapositivo 7
	Diapositivo 8
	Diapositivo 9
	Diapositivo 10
	Diapositivo 11
	Diapositivo 12
	Diapositivo 13
	Diapositivo 14
	Diapositivo 15
	Diapositivo 16
	Diapositivo 17: Overview products / solutions for Ancillary Services Frequency / power
	Diapositivo 18
	Diapositivo 19
	Diapositivo 20
	Diapositivo 21
	Diapositivo 22
	Diapositivo 23
	Diapositivo 24
	Diapositivo 25
	Diapositivo 26
	Diapositivo 27
	Diapositivo 28
	Diapositivo 29
	Diapositivo 30
	Diapositivo 31
	Diapositivo 32
	Diapositivo 33
	Diapositivo 34
	Diapositivo 35
	Diapositivo 36: Innovative Solutions for Electrification of Heat    the Inductive Heater  
	Diapositivo 37: Siemens Energy Electric Heater SMedium Voltage based Molten Salt Heating 

