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Energy Storage Systems Generalities 



Energy Storage Systems Generalities 

Final use of Energy? If electrical, conversion efficiency needs to be considered

Stationary apps: Round trip efficiency is very important (needs wide power range)

Oversizing the converter will result in poor efficiency at light loading!



Evaluation of Performance of 

Candidate Converter Topologies 

65
0V

, D
C

 B
us

A

1:1

1:1

1:1

1:1

n1

n4

n1

n4 4.5kV HB

4.5kV HB

Group 1

Group 4A

ua-G1

ua-G2

ua-G3

G1

G2

G3

udc_a2

udc_a1

C

C

C

C

C

C

DC/DC converter modules

1:1

1:1

65
0 

V
 D

C
 B

us

4E

4E

2E

2E

2E

Simulation Based Study

- Identify suitable candidates

- Implement simulation models

- Design/size (L/C, T/D) components 

- Develop converter control  

- Harmonic Performance

- Evaluate losses/efficiency

- Select best two candidates for 

prototyping/experimental evaluation

Estimated Power Losses

1. Activate 

harmonic comp.

2. Change PCC 

voltage
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Grid Currents

Conv. Currents

Non-linear Load 



Experimental Evaluation
The configuration of the 25kW test rig

Supercapacitor 

Emulator and 

Charger 

(Subsystem 1) 

Low Voltage 3-ph Interleaved Inverter

Subsystem 
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Experimental Evaluation
The implementation of the 25kW test rig



 17.5kW Active 

Power Reversal

Lead-to-Lag reactive power transient

Experimental Evaluation
Steady-state and Step transient response

Cascaded Multilevel 30 voltage levels

1.744 kVrms/22kW

DC-bus Current 
(20A/div)

DC-bus Voltage 
(100V/div)

Interleaved Modular Inverter Supercapacitor DC/DC Interleaved Conv

Ch 1 current (10A/div)

Ch 1+2 current (20A/div)

Supercapacitor (Ch 1-8) 
current (80A/div)

Supercapacitor stack Voltage 
(50V/div)



Experimental Evaluation
Round-trip System Efficiency
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Experimental Evaluation
Efficiency in Substation Mode



Full System Tests:

MV grid voltage fault 

ride-through

- MV-LV sides full decoupling due

to the HF isolating transformer

- The energy storage bridges the

load power during short grid

failures

Experimental Evaluation
Transient operation during MV Grid Fault



5kW constant power cycle
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The Versatility of Power Electronics 

- emulating real SCAPs behaviour

Parameter Extraction & Scale-up Device Emulation


