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The basic characteristics of passive distribution networks: 
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Limited possibility of voltage regulation (in the passive distribution networks):
• transformers with on-load tap changers  (110 /20(10 )kV);
• transformers with off-load  tap changers (35/10kV, 20 (10) /0.4 kV);
• capacitor banks
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Active/passive distribution network
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Low/medium share of RES
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Large RES share –minimum system load
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Voltage regulation mechanisms:
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• Passive distribution network (=> problem with low voltages):

– Network reconfiguration

– Network expansion and reinforcement

– Transformers with variable number of turns:

• on-load tap changers (110 / x kV)

• off-load tap changers (35/10 kV, 10 (20) /0.4 kV, ...)

– Capacitor banks (binary control, step control, continuous regulation)

• Active distribution network (=> the problem of too high / too low voltages):

– Classic regulatory measures that are used in a passive distribution networks

– Determination of the optimal network connection

– The management of distributed electrical sources:

• Active power regulation => active power curtailment as a measure to reduce
network voltages

• Reactive power control => production / consumption of reactive power as a
measure to increase / decrease network voltage

– Electricity storages

– Electric Vehicles

– Demand response,…



Voltage regulation concepts:
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VOLTAGE REGULATION 
CONCEPTS

COORDINATED 
CONTROL

SEMI-COORDINATED
CONTROL

LOCAL CONTROL

- Generally results with better (more
optimal) network conditions

- Requires: highly developed IT
infrastructure, good measurement
coverage along distribution
network, data defining network
topology and its electrical
parameters

- Generally gives poorer results
- No major requirements in terms of IT

system;
- Interruptions in the communication

system doesn’t present threat for the
system stability

- It requires only local measurements
- Automatic management at the level

of RES



Centralized control of the distribution networks with a high 
share of renewable energy
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Mathematical formulation– MILP

<= Minimize sum of absolute maximum node
deviations

Node power
balance

Active/reactive power flows

Voltage constraints DG reactive power constraints



Mathematical formulation– MILP
transformer modeling
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Generalized distribution network branch model

Linear transformer model with binary codification



TEST CASE – modified IEEE 33 bus model 
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Peak distribution network load: 
3.715 MW ; 2.3MVAr
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Time series of consumption / RES production
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Extreme load/PV production 
scenario selection



TEST CASES & RESULTS

Considered simulation scenarios:
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• Case 1: both OLTC as well as off-load tap

changers are set to a neutral position while PV

plants are operating with power factor cosφ=1;

• Case 2: both OLTC as well as off-load tap

changers are set in a neutral position (nominal

turn ratio) while PV production units are

operating with a power factor in a range 0.95

cap.<cosφ<0.95 ind. trying to maintain voltages

at their point of connection equal to nominal

values;

• Case 3: OLTC as well as off-load tap changer

turn ratio is optimized together with PV unit

power factor to minimize voltage deviations

across the distribution network using the method

described in the paper



TEST CASES & RESULTS
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Voltages – BUS 18 
Case 1

Voltages – BUS 18 
Case 2

Voltages – BUS 18 
Case 3

Grid reactive power import/export
Case 1

Grid reactive power import/export
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Grid reactive power import/export
Case 3
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Reduction of voltage rise issues

Reduction of DG reactive power support



TEST CASES & RESULTS – Case 3
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