Impact of PV inverters on voltage profiles —

mitigation with local voltage control
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INTRODUCTION

Several attempts to perform studies aiming at quantifying the impacts of distributed generation or investigating possible
control schemes to mitigate these impacts lead to interesting results [1] but are partly based on limiting assumptions due to
the lack of data. Assuming for example load and generation symmetry can be considered as a sound assumption for studies
In the MV network but leads to biased results in LV networks. Furthermore, the use of synthetic load profiles (representing
the aggregation of a sufficient number of customers) is justifiable for MV studies but leads to idealistic results for LV studies.
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The results presented here are based on a real data and sound assumptions. They can however not be generalized due to

the inhomogeneity of LV networks.

'he results presented here are based on unsymmetrical load flow computations made for several weeks with a time step of
s. For the study, a three-phase four wire model of the rural network has been developed used. Consumption data (1 s-
three-phase measurements for more than 30 households) were provided by the project ADRES [2] and PV generation
profiles have been generated on the basis of 1 s-irradiance and temperature measurements.

CONSIDERED NETWORK, METHODOLOGY

Network characteristics:
- Transformer nominal power:
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Abb. 1. Network overview

CASE STUDY ON THE IMPACT OF UNBALANCED INFEED
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VOLTAGE CONTROL cos(¢) = konst. | cos(p) = f(P)

cos(¢@) = f(P): potential stability problems due to the inflexion point around 1.
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Abb. 3. Characteristic-based voltage rise mitigation (“open loop”)
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VOLTAGE CONTROL Q = £(U)

Coordination between generators must be investigated (risk of oscillations).
The settings used here (AUpg=2 % and AU,,,=5 %) were chosen to allow a good

visualisation. Suitable settings will be
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Abb. 4. Characteristic-based voltage rise mitigation (“closed loop”)
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VOLTAGE CONTROL EFFECTIVENESS IN LV NETWORKS

Voltage sensitivity of the 0.4 kV nodes
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Abb. 5. Voltage control effectiveness at the weakest node

CONCLUSIONS AND OUTLOOK

The following conclusions can be drawn (based on the considered network):

— Depending on the assumptions on the distribution of the PV power on the
three phases, the bandwidth of the voltage rise reaches here about 7 %.

— Due to the lack of information, conservative assumptions are used. In the near
future, phase information may be available at each point of connection and
thus

— The procedure used to assess the connection of single-phase generators
“residual unbalance” corresponds to the 95 % percentile.

— The voltage rise caused by PV generators is partly compensated (~ 1 %) by
loads. This applies only for the 10 minutes values (not for 1 s values).

— The effectiveness of voltage control depends on the R/X ratio of the grid
impedance. Weak nodes usually exhibit a R/X ratio >1 in LV networks.

— The voltage control characteristic Q(U) is currently investigated into details
(steady-state and dynamic properties). The objective is to propose a set of
suitable settings from the network and inverter perspective.




