
Innovative local 
controls to improve 

grid stability

June 2010



Who are we?

Why smartgrids?

Nowadays situation

Proinver project

VSYNC project

Vsg requirements

Tecnalia proposed control system.

Tests and results

 Vsync project demo sites

Cheia (Romania)

Bronsbergen (Nederland)

Index



We are a private and independent Technological Corporationº integrated by 
the following centers: 
AZTI, ESI, FATRONIK, INASMET, LABEIN, NEIKER y ROBOTIKER

Actual situationWho are we?



1st Spanish Private technological corporation

5th  in Europe

•1.570 staff members
•3.235 clients
•20 patents
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The development of photovoltaic inverters is based in the principle that they are 
generators of a irrelevant power compared to the network. 

Most of the experience previous to the rapid growth of the PV generation in 
Spain, is related with small installations. 

In Spain, the same technology is applied to large plants, without any 
adaptation, reaching in many feeders a generation power that exceeds the load 
power. 

Nowadays situation

Mainly small 
installations

Large 
plants



The inverters are told not to disturb the network. 

They are not intended to share the unbalanced or the harmonic currents.

All the unbalanced currents and harmonics should be fed by the conventional 
grid with a lower weight in the power generation.

This strategy is not longer possible with a bigger DG penetration and growing 
non linear loads. 

Nowadays situation
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Damages due to over voltages 
detected by Iberdrola in 2008, but 
known by some manufacturers some 
years before. 

All inverters produce 
overvoltages, but in some 
manufacturers the magnitude 
and duration are enough to 
damage other devices:

Revenue meters

Occasionally control 
devices

An improvement enough to 
prevent damages was identified and 
implemented by some manufacturers 

Communicated by Iberdrola to PV 
associations, manufacturers, 
standardization bodies and published 
in conferences. 

Nowadays situation
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PROINVER project is being pushed by Iberdrola to define new behaviors in the grid 
connected inverters 

The project involves research centers, laboratories, manufacturers.

The aim of the project is:

To define working anti islanding protection.

To avoid the damages caused by the inverters during non intentional islanding.

To establish the mechanism for the intentional islanding.

 To define the needed behavior of the inverters to collaborate with the grid 
(harmonics, unbalance, stability …)

PROINVER project
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Vsync Project

http://www.vsync.eu

Consortium:
ECN (coordinator) (NL)

Technical University Eindhoven (NL)
Delft University of Technology (NL)
Catholic University of Leuven (BE)

Polytechnics University of Bucharest (RO)
TECNALIA (ES)

3E (BE)
UfE (D)

Electrica. S.A. (RO)
Liander (NL)



Virtual Synchronous Machines (VSG's) For Frequency Stabilisation In Future Grids 
With A Significant Share Of Decentralized Generation. 

Problem definition

In electricity grids the frequency of the voltage is stabilized by a combination of 
the rotational inertia (rotating mass) and a control algorithm acting on the 
rotational speed of a number of major synchronous power generators. In future the 
total rotational inertia of the synchronous generators is decreased significantly. 
This causes large frequency variations.

Vsync Project

Solution

A way to stabilize the grid 
frequency is to add virtual 
rotational inertia to the 
distributed generators. In this 
way a generator can behave 
like a "Virtual Synchronous 
Generator" (VSG) and 
contribute to stabilization of 
the grid frequency.
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 Rotational inertia:

Helps in the stability of the frequency. Avoid the changes in the frequency.

 Power control:

Takes the frequency to the desired values.

Voltage Control:

Takes the voltage magnitude to the desired values

Short-circuit behaviour:

Feeds the faults ¿really necessary?

Vsync Project: VSG requirements
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 Inverters acting as a VOLTAGE SOURCE.

 Bigger system stability.

 Share in the active and reactive power generation, 
harmonics, unbalanced loads.

 Not very accurate measurement of the frequency 
needed.

 Faster response to grid changes.

The system behaves as a inductive coupled
system.

With this scheme the sharing of the balanced
loads is assured.

For the sharing of the unbalanced loads and 
harmonics an additional fictitious resistance is 
simulated. The no direct sequence current flow across 
this resistance.

The Low-Pass filters affect the stability and the 
dynamic performance.

Vsync Project: Proposed control system

Output Reactance

Voltage Source



 Proposed control system:

Vsync Project: Proposed control system
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Initially the currents are measured and filtered.

Then according with the output voltage the active and reactive power are 
calculated.

Powers are filtered to smooth the response of the inverter.

Frequency and Voltage Drops are applied. 

Output impedance is simulated. Inductive for the positive sequence current and 
resistive for the rest.

Vsync Project: Proposed control system
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Vsync Project: Simulation and Test layout
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 Rotational Inertia

Proposed control system: Rotational Inertia

dt
dkP

dt
d

pJP

gr

cP
icVSGprop

gr
grSGicVSGreq

ω
ω

ω
ω

−=

−=

,

,

48,8

49,0

49,2

49,4

49,6

49,8

50,0

0

2000

4000

6000

8000

10000

12000

0 2000 4000 6000 8000 10000

Electrotek Concepts® TOP, The Output Processor®

MO
DEL

S-F
      

 (Hz
)

MODELS-P       (W)

Time (ms)

vsync>MODELS-F     (Type 9) vsync>MODELS-P     (Type 9)

F/P

49,5

49,6

49,7

49,8

49,9

50

50,1

50,2

50,3

50,4

50,5

0:04:19,000 0:04:19,864 0:04:20,728 0:04:21,592 0:04:22,456 0:04:23,320 0:04:24,184

Time

Fr
eq

ue
nc

y

0

5000

10000

15000

20000

25000

30000

35000

40000

45000

50000

W

Frequency [Hz]
P L1 [W]
P L2 [W]
P L3 [W]
 P Sum [W]

F/P

49,3

49,5

49,7

49,9

50,1

50,3

50,5

50,7

0:01:50,000 0:02:07,280 0:02:24,560 0:02:41,840 0:02:59,120 0:03:16,400

Time

Fr
eq

ue
nc

y

0

5000

10000

15000

20000

25000

30000

W

Frequency [Hz]
P L1 [W]
P L2 [W]
P L3 [W]
 P Sum [W]



Power Control

Achieved by the drop control

A term depending on the SOC of 
the storage should be added

Proposed control system: Power Control
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Voltage Control

Achieved by the 
drop control and the 
fictitious impedance

The reactive power 
consumption is shared 
among the closest 
VSGs.

The voltage 
depends on the 
reactive consumption

Proposed control system: Voltage Control
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Island Behaviour

Proposed control system: Island Behaviour
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Romania Field Test
Located in Cheia (Romania)

Remote grid with power quality problems

1*90KVA VSG Installed 

Nederland Field Test
Located in Bronsbergen (Romania)

Experimental real microgrid with a lot of DER

1*90KVA VSG Installed 

10*5KVA VSG Installed

Vsync Field Test
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Asier Gil de Muro
LABEIN-Tecnalia
Active Distribution Researcher
Parque Tecnológico de Bizkaia – Edif. 700
48160 – Derio (Bizkaia)
Email: asier@labein.es
Tel: +34 94 607 33 00

Thanks for your Attention

mailto:adiaz@labein.es�
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