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1.  Aalborg University Research 
2. Microgrid control research 
3. Microgrid site in Spain 

Outline 
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Aalborg University Microgrid Research 
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Aalborg University Microgrid Research 

Parallel DC/AC conveter systems  

AC/DC/Hybrid Microgrid systems  
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Aalborg University Microgrid Research 
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Aalborg University Microgrid Research 
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Aalborg University Microgrid Research 
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Aalborg University Microgrid Research 
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Aalborg University Microgrid Research 
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Aalborg University Microgrid Research 
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Aalborg University Microgrid Research 
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Aalborg University Microgrid Research 
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Aalborg University Microgrid Research 
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Aalborg University Microgrid Research 
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1. Aalborg University Research 
2.  Microgrid control research 
3. Microgrid site in Spain 

Outline 



In
te

ll
ig

e
n

t 
M

ic
ro

g
ri

d
 P

ro
je

ct
 R

e
se

a
rc

h
  

in
 S

p
a
in

 &
 D

e
n

m
a
rk

 

JEJU 2011 Symposium on Microgrids  Josep M. Guerrero  joz@et.aau.dk 16 

Microgrid Control Research 

Import/export power 

Restoration/Syncro. 
Inner loops 

(droop,softstart) 

Hierarchical Control 

 Primary controls the droop control used to share load 
between converters. 

 Secondary control is responsible for removing any 
steady-state error introduced by the droop control. 

 Tertiary control concerning more global responsibilities 
decides the import or export of energy for the microgrid. 
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Microgrid Control Research 
Hierarchical Control 

  Droop control of AC systems 

Active power Reactive power 

E 1 ∠ φ 1 E 2 ∠ φ 2 V ∠ 0 
o 

DG Inverter 1 Load 

1 ∠ φ 1 ∠ φ 2 

DG Inverter 2 
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Microgrid Control Research 
Hierarchical Control 

Islanded operation 

  Voltage and frequency management 

The system acts like a voltage source, controlling power flow 
through voltage and frequency control loops adjusted and 
regulated as reference within acceptable limits. 

  Supply and demand balancing 

In grid-connected mode, the frequency of the DG units is fixed by 
the grid. Changing the setting frequency, new active power set 
points that will change the power angle between the main grid and 
the microgrid can be obtained. 

  Power quality 

The power quality can be established in two levels:  

1) Q compensation and harmonic current sharing inside the 
microgrid 

2) Q and harmonic compensation at the PCC -> MG can support the 
power quality of the main grid. 
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Microgrid Control Research 
Hierarchical Control 

Droop control 

   
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Microgrid Control Research 
Hierarchical Control 

Virtual Impedance 

  Multiloop control droop strategy with the virtual output impedance 
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Microgrid Control Research 
Hierarchical Control 

Virtual Impedance 

  Multiloop control droop strategy with the virtual output impedance 
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Microgrid Control Research 
Hierarchical Control 

Virtual Impedance 

  Multiloop control droop strategy with the virtual output impedance 
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Microgrid Control Research 
Hierarchical Control 

Virtual Impedance 
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Microgrid Control Research 
Hierarchical Control 

Virtual Impedance 

Trade-off during voltage dips: 1) voltage follower (Q=0) 2) stiff voltage source (Q high)  
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Microgrid Control Research 
Hierarchical Control 

Low voltage ride-through 

  Reactive power control of a grid-connected DG.  

DG current 

Grid current 

Load current 

Voltage dip 

During the voltage grid, the converter injects reactive current (90º)  
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Microgrid Control Research 
Hierarchical Control 

Secondary control action 

No secondary control 

Primary 

response 

Permanent drop 
in frequency Permanent 

increase in 
generation 

Using secondary control 

Primary 

response 

Temporary drop 
in frequency 

Permanent 
increase in 
generation 

Secondary 
response 

Primary control ensures P sharing by drooping the frequency 

Secondary control: 

•  Restore the nominal frequency 

•  Cannot work localy, it needs to be centralized. 
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Microgrid Control Research 
Hierarchical Control 

Virtual Impedance 

Secondary control features: 

 Frequency/Amplitude Restoration 

 PCC Power Quality improvement (Voltage Harmonics & Unbalances)  

 Distributed Synchronization 
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Microgrid Control Research 
Hierarchical Control 

Tertiary control for AC microgrids 

Secondary  

control 

Tertiary control 

+ 
_ 

+ 
_ 

Microgrid 

PIQ 

PIP 

90º 

PI 

  LPF       
P/Q Grid 

calculation 

Distributed synchronization loop 

In grid connected mode 

P and Q from the MG to 
the grid can be controlled 
by tertiary control.  

In islanded 
mode 
secondary 
control fixes 
frequency and 
amplitude of the 
MG.  

•  The tertiary control generates the frequency and amplitude references for the secondary control. 

•  The control expressions supose an highly inductive impedance on the grid side. 

•  Park transformation can be used for a general impedance case. 
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Microgrid Control Research 
Hierarchical Control 

Islanding detection 

Islanding detection 

Frequency 
deviation 

STS open (protection) 

Q integrators 

disconnected 

Non-planning 

Islanding 
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Microgrid Control Research 
Hierarchical Control 

Hybrid AC/DC microgrid 

DC/AC  

power bridge 
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Microgrid Control Research 
Hierarchical Control 

Hybrid AC/DC microgrid 
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Microgrid Control Research 
Hierarchical Control 

Hybrid AC/DC microgrid 

Secondary Control 

Droop Control 
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Microgrid Control Research 
Hierarchical Control 

Microgrid clusters 
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1. Aalborg University Research 
2. Microgrid control research 
3.  Microgrid site in Spain 

Outline 
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Microgrid site in Spain 
350 kW Microgrid site 

Horizontal and vertical axis wind turbines 

Microgrid site 350 kW 

•  PV (2x10kW) 

•  WT (2x20kW) 

•  Fuelcells (4x1.25kW) 

•  Diesel generator (150kW) 

•  Cogeneration unit  

   100kW thermal 

   50kW electrical 

•  Supercapacitors (2x500kJ) 

•  Flywheels  

  (2MJ: 10kW@20sec) 

•  Li-ion batteries  

   (100kW@20 min) 

Microgrid (Source JEMA) 
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Microgrid site in Spain 
350 kW Microgrid site 

Flywheel Loads 

Fuelcell 
Ba/eries 
PV inverters 

Supercaps 
Comm  and 
protec<ons  

Microgrid site 350 kW 

•  PV (2x10kW) 

•  WT (2x20kW) 

•  Fuelcells (4x1.25kW) 

•  Diesel generator (150kW) 

•  Cogeneration unit  

   100kW thermal 

   50kW electrical 

•  Supercapacitors (2x500kJ) 

•  Flywheels  

  (2MJ: 10kW@20sec) 

•  Li-ion batteries  

   (100kW@20 min) 

Microgrid (Source JEMA) 
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Microgrid site in Spain 
350 kW Microgrid site 

Microgrid (Source JEMA) 
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Summary iMG-RP in Spain & Denmark 

•  Aalborg University is developing research on the hierarchical control is required for 
a AC/DC microgrid: 

•  Primary control is based on the droop method allowing the connection of 
different AC sources without any intercommunication. 

•  Secondary control avoids the voltage and frequency deviation produced by 
the primary control. Only low bandwidth communications are needed to 
perform this control level. A synchronization loop can be add in this level to 
transfer from islanding to grid connected modes. 

•  Tertiary control allows to import/export active and reactive power to the grid. 
•  Cooperative control for Power Quality Issues: primary and secondary control 

for Voltage Unbalance and Harmonic Compensation 

•  Spain will host a Microgrid to implement and test hierarchical control for dispersed 
energy resources, energy storage systems, and distributed loads. 


