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ADINE projectADINE project

• 3 years, 3.2 M€

• EU FP6, Specific targeted research project, STREP
• Active Network Management of distribution network 

 including DG and other active devices

• Developed technical solutions
– Protection relay and fault location applications (ABB, TUT)
– Software prototype of co‐ordinated

 
protection planning (ABB, 

 TUT)

– Voltage control of small‐scale microturbine

 
(Compower, LU)

– Centralized voltage control on SCADA/DMS (ABB, TUT)

– New‐generation medium voltage STATCOM (Areva

 
T&D)
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Hardware in loop testingHardware in loop testing
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Communication based LossCommunication based Loss‐‐ofof‐‐Mains protectionMains protection
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NonNon‐‐detection zone of Lossdetection zone of Loss‐‐ofof‐‐MainsMains
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Voltage control at low voltage networkVoltage control at low voltage network

• Biogas‐fired gasturbine

 

with high‐

 
speed generator

• Preliminary ratings 15 kW heat + 

 
5 kW electricity

• Single‐phase power electronic 

 
converter

• Installed in Kristianstad, Sweden
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CoCo‐‐ordinatedordinated
 

voltage controlvoltage control
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CoCo‐‐ordinatedordinated
 

voltage controlvoltage control

88

13.43 14.00 14.15 14.30 14.45 14.58 15.33 15.45 16.00 16.21
0.95

1

1.05

[p
u]

 

 
Maximum voltage Minimum voltage Generator voltage Measured generator voltage

13.43 14.00 14.15 14.30 14.45 14.58 15.33 15.45 16.00 16.21
0.95

1

1.05

[p
u]

 

 Substation voltage AVC relay set point Set point suggested by algorithm

13.43 14.00 14.15 14.30 14.45 14.58 15.33 15.45 16.00 16.21

0.98

0.99

1.00

 

 

Pow er factor set point

13.43 14.00 14.15 14.30 14.45 14.58 15.33 15.45 16.00 16.21

-0.2
-0.1
0.0
0.1
0.2

[M
VA

r]

 

 DG reactive pow er Reactive pow er set point Set point suggested by algorithm

13.43 14.00 14.15 14.30 14.45 14.58 15.33 15.45 16.00 16.21
0

0.5

1

Time

[M
W

]

 

 

DG real pow er DG real pow er set point

Correction of algorithm

Algorithm suggests 
lowering of set point,
not executed

Maximum voltage 
exceeds its limit

AVC relay set 
point is lowered

Tap changer 
to position 4

Tap changer 
at position 5

Voltage disturbance 
from 110 kV network

Voltage limits of 
basic control

Voltage limits of 
restoring control

AVC relay 
deadband

Tap changer 
to position 3

Tap changer 
to position 2

Tap changer 
to position 1

Algorithm suggests 
lowering of set point,
not executed

Reactive power set 
point is lowered

Algorithm suggested increasing of reactive power 
set point when DG real power was lowered but
this action was not executed -> power factor changed

Reactive power set 
point is increased

AVC relay set 
point is increased

Tap changer 
to position 2

Tap changer
to position 3

13.43 14.00 14.15 14.30 14.45 14.58 15.33 15.45 16.00 16.21
0.95

1

1.05

[p
u]

 

 
Maximum voltage Minimum voltage Generator voltage Measured generator voltage

13.43 14.00 14.15 14.30 14.45 14.58 15.33 15.45 16.00 16.21
0.95

1

1.05

[p
u]

 

 Substation voltage AVC relay set point Set point suggested by algorithm

13.43 14.00 14.15 14.30 14.45 14.58 15.33 15.45 16.00 16.21

0.98

0.99

1.00

 

 

Pow er factor set point

13.43 14.00 14.15 14.30 14.45 14.58 15.33 15.45 16.00 16.21

-0.2
-0.1
0.0
0.1
0.2

[M
VA

r]

 

 DG reactive pow er Reactive pow er set point Set point suggested by algorithm

13.43 14.00 14.15 14.30 14.45 14.58 15.33 15.45 16.00 16.21
0

0.5

1

Time

[M
W

]

 

 

DG real pow er DG real pow er set point

Correction of algorithm

Algorithm suggests 
lowering of set point,
not executed

Maximum voltage 
exceeds its limit

AVC relay set 
point is lowered

Tap changer 
to position 4

Tap changer 
at position 5

Voltage disturbance 
from 110 kV network

Voltage limits of 
basic control

Voltage limits of 
restoring control

AVC relay 
deadband

Tap changer 
to position 3

Tap changer 
to position 2

Tap changer 
to position 1

Algorithm suggests 
lowering of set point,
not executed

Reactive power set 
point is lowered

Algorithm suggested increasing of reactive power 
set point when DG real power was lowered but
this action was not executed -> power factor changed

Reactive power set 
point is increased

AVC relay set 
point is increased

Tap changer 
to position 2

Tap changer
to position 3



4th International Conference on Integration of 
Renewable and Distributed Energy Resources

STATCOMSTATCOM
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 required ratingrequired rating

STATCOM compensation STATCOM compensation 

 algorithms implemented:algorithms implemented:
••

 

Continuous and dynamic Continuous and dynamic 

 voltage controlvoltage control
••

 

Power Factor CorrectionPower Factor Correction
••

 

Active harmonics cancellationActive harmonics cancellation
••

 

Flicker mitigationFlicker mitigation
••

 

Unsymmetrical load balancingUnsymmetrical load balancing

““Ride through supportRide through support””

 

for grid for grid 

 failuresfailures
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DuneillDuneill
 

wind farm demonstrationwind farm demonstration
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Control modes:Control modes:
1.

 

Constant reactive power
2.

 

Reactive power control at PCC
3.

 

Power factor control at PCC
4.

 

Voltage control at PCC

In addition STATCOM support 

 electricity  network in fault 

 situations (Fault ride through)

A grid code compliance study has shown that the 

 
windfarm

 

is not fully compliant with the EirGrid

 

Grid Code 

 
 6Mvar STATCOM required
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Active NetworkActive Network
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Active network

Active Network Management

Active resources
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New materials
Etc.

Why new architecture:
•

 

Climate change
•

 

Quality of network service
•

 

Regulation

Asset management
Protection and control
Automation and ICT

DG
STATCOM
Demand response
Aggregator, VPP
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Active network conceptActive network concept
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1.

 

Protection
2.

 

Automatic control 

 
(decentralized)

3.

 

Area control 

 
(centralized)
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ConclusionsConclusions

• Active network management is feasible today
– Several active network solutions have been developed and 

 demonstrated
– Existing equipment and automation systems are utilized in 

 these demonstrations  evolution instead of revolution
• Further development needed

– Utilization of existing information and communication 

 technologies
– New solutions and systems for combined management of 

 electricity networks and markets
• Hardware in loop simulations

– Extension of product development between prototype and 

 field tests
– Versatile tests compared to field tests
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Thank you!

www.adine.fi

1414

ADINE is a project co‐funded by the 

 
European Commission
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