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ABSTRACT

This paper focusses on low voltage networks and issues
which come along with load flow characteristics through
decentralized feed-in.

Based on three different load flow and energy
consumption scenarios of an exemplarily low voltage
network under consideration of the current situation and
predicted energy generation and demand for 2020 and
2030 simulations and measurements should prove, if the
existing networks are already sufficiently dimensioned to
fulfil the future tasks.

Resulting experiences of the measurements, considering
the behaviour of the de-/centralized generation (supply of
reactive power) and de-/centralized consumption,
validates the results obtained by simulations.

The paper presents simulations and measurements in a
rural network periphery in Austria and shows the
influence of reactive power supply into the low voltage
network.

INTRODUCTION

Within the funded project “ECONGRID — Smart grids
and economic effects: an economic assessment at sma
grid solutions” technical analyses and an overatlamal

framework of the program ,NEW ENERGIES 2020".

conditions [2], [3]. In case of a fault decentratiz
generation usually plays a passive role becausevof
short circuit power and do not influence the faldaring

in the network.

In future the increasing penetration of DG on the
distribution network requires in addition activgpporting
functionality of the DG.

This circumstance is already considered in the @arm
the national grid code VDE-AR-N 4105 [5] requiriag
active role in the static voltage stability through
selective reactive power supply.

Especially pv-inverters provide the possibility far
coordinated control of the system voltage and react
power flow to achieve optimal distribution network
operation and to maintain the tolerated limits\violtages
3], [4].

In order to provide practical experiences, howeddht
decentralized generation units (PV with invertexnd
turbines and small sized hydro power plants) can
influence the feed-in power respectively the PQ,
simulations and measurements are compared in the
following.

The field tests include measurements under coraider

of a periphery network in a rural distribution angih a
medium sized generation unit. The influence of tigac
power injection in praxis (cas variable in the range
from 0.85 to 1.00, overexcited) on the voltagehatpoint

assessment of the wide-area implementation of smart of common coupling (decentralized feed-in), at the

grids in Austria shall be carried out [1]. In theegent
project issues, which come along with an inversibthe
load flow in the distribution network caused by
decentralized generation (DG), load flow and PQeakp
are addressed.

Simulation results of load flow calculations and
measurements considering centralized and deceetrali
energy demand and feed-in of typical rural network
structures in Austria will be presented.

The measurement should prove that the simulatiodeto
is sufficient to extrapolate various load flow saBas
using calculation methods.

Up to now in Austria the criteria based on the ovai
grid code for decentralized generation and conoedid
the distribution network were predominantly basedte
installed power. A generator is accepted in thevoek, if

it is possible to inject permanently its maximumntiae
power under compliance with the electrical operatin
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substation transformer (busbar) and the end of the
periphery network is shown.

INVESTIGATED SCENARIOS

The following simulations are based on scenarioghvh

include the energy generation and demand for tlee ye

2012, 2020 as well as 2030 and will show, if thesting

network structures are already sufficiently dimensd or

if additional constructional measures are necessary

The scenarios are defined considering an urban

distribution area (high load density, short digitibn

lines ...), a sub-urban distribution area (mediumdloa

density and a combination of long and short diatidn

lines) and a rural distribution area (low load dgnsong

and weak-scaled distribution lines ...) as following:
a) current policy scenario: includes

requirements regarding renewable sources

legal
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b)
<)

renewable scenario: ambitious use of renewables
flex demand scenario: high potential of demand
side management measures and use of a high
amount of renewables

SIMULATIONS

Usually simulations are used for dimensioning ofliam

and low voltage networks. To demonstrate the impé#ct
an increased decentralized generation on low weltag
network structures for the years 2012, 2020 and)293
representative distribution network has been divigao

the three mentioned scenarios.

The following simulations should prove, if repretive
typical networks are already sufficiently dimensdn
(work load and PQ) to fulfil the future tasks @020 and
2030. Type and material of cables and overhead ks
well as transformer types, sizes and settings are
implemented in the simulations as currently inftakl.

The scenarios are analysed under consideration of a
varying amount of an increased energy productiomfr
renewable sources and energy demand (scenariesntur
policy, renewable, flex demand) for Austria. Thelased
energy demand and decentralized generation - iiffén

the three scenarios - is determined by a top-down
approach to the analyzed network region. That méaats
the assumed national overall energy generationugfiro
decentralized generation units in the Austrianritistion
network is equally distributed to a feed-in powar éach
building in the scenarios.

The increased energy consumption considers an
intensified appearance of electro mobility, a rifethe
energy demand caused by a growth of population and
technological progress for the year 2020 as wel(39.

Load cases

To exemplify the limits of the low voltage netwodnd
the installed components the following load cas#s t
2020 and 2030 respectively have been performed:

1. Initial electrical load and generation situation

2. Electrical load = max. generation = max.

3. Electrical load = max. generation = zero

4. Electrical load = zero generation = max.

In the following only the case of the highest feed-
power of decentralized generation from renewables
besides an advanced demand side management (scenari
flex demand) is described for each load case.

A simultaneity factor has not been considered ia th
simulations because this worst - case has to peect=d

in dimensioning distribution networks especiallyr fo
extended decentralized generation.

Results - urban distribution area
The simulation results in regard to usually planndghan
distribution areas show that the used substation
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transformer (size and settings) is overloaded (pran
value: less than 50 % transformer load) for thel loase 1
(initial situation), load case 2 (load = max., gemax)
and load case 3 (load = max., gen. = zero) tillR0R the
scenario till 2030 the cables and overhead linesatso
overloaded for the load cases 1 to 3. In respedhéo
analyzed situations the voltage stay within theuiegl
limits [4]. Due to the top-down approach an indivadl
statement for each point of common coupling at the
customer side (building) regarding compliance dfage
limits cannot be given [3].

Results - sub-urban distribution area

The simulation results in regard to usually plansed-
urban distribution areas demonstrate that the m&two
does not need any adoption to integrate increased
decentralized generation till 2020. This networgioa

has a high potential for photovoltaics due to esésh
roof areas on - for example - agricultural buildingror

the observation period till 2030 the transformer is
overloaded (planning value: less than 50 % transfor
load) in the load case 3 (load = max., gen = zen
load case 4 (load = zero, gen. = max.); in loac dathe
cables and overhead lines are overloaded, too. The
voltage stays within the required limits [4].

Results - rural distribution area

The simulation results in regard to usually plannadl
distribution area shows that the used substation
transformer (planning value: less than 50 % tramnséo
load) is overloaded for the load case 1 (initialiation)

as well for the load case 3 (load = max., gen.re)z8ll
2020. The result for the initial situation (loadsedl) is
caused by the currently used small sized substation
transformer, non-consideration of the simultanégtgtor
and by a high network load in relation to the déadized
generation. Therefore the results for the initiliaion
(load case 1) and load case 3 till 2020 are idehtitill
2020 the results for load case2 (load=max.,
gen. = max.) show that the ratio between decené@li
generation and energy consumption is balanced. Load
case 4 (load = zero, gen.=max.) demonstrates ithat
sparsely populated distribution areas the low conpdion

as well as the high amount of decentralized geioeratre

the crucial factors. Till 2030 load cases 1, 3 dnshow

an overload of the transformer. Only in case oakatced
situation between generation and demand (load Zase
the transformer is working in the normal operatmade.

In all load cases no overload of the cables andheesl
lines can be seen and the voltage limits are maetda
well [4].

Influence of decentralized feed-in on the voltage

changes in the network periphery

The measurements show that feed-in with less tiBe¥ 5
of the installed transformer power do not influerihe
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voltage limits. Therefore in the simulation the deam
power has been increased to 100 % of the installed
transformer power &g), Figure 1.

Results - rural distribution area, voltage limits

To demonstrate the violation of the voltage lintte
described scenario: flex demand has been analysidet u
consideration of an additional injection of 125 law/the
point of common coupling in the periphery netwoskd
(), Figure 1 for the years 2020 and 2030.

2020 - Scenario ¢): Flex demand
Max. conductor workload | Voltage limits
79.93% complied

complied
complied

Transformer workload
60,59%

Load case
2. Electrical load =max. , generation = max.
3. Electrical load =max. , generation = zero
4. Electrical load = zero , generation = max.

23,84%
90,70%

65,24%
119,65%

2030 - Scenario c¢): Flex demand
Max. conductor workload | Voltage limits
98,84% complied

Transformer workload
124,06%
80,77%
200,17%

Load case

2. Electrical load =max. , generation = max.
3. Electrical load =max. , generation = zero 3351% complied
4. Electrical load = zero , generation = max. 119,81% non complied

Table 1: Simulation results under consideration of an
additional injection of 125 kW &) for the years 2020
and 2030

As shown in Table 1 for load case 2 (load = max.,
gen. = max.) to load case 4 (load = zero, gen. x)nthe
conductors and the transformer are overloade@@H0.
The voltage limits under consideration of [4] are

NETWORK SIMULATION MODEL

Several European grid codes require an active
participation of network connected generators d®
reactive power management (gogontrol). The power
factor cosp is defined as the ratio between active and the
apparent power. An overexcited power factor mehas t
the generation unit takes capacitive reactive poavet
supplies inductive power. An underexcited powetdac
means that active power is fed to the network and
inductive reactive power is taken from the network.

In several cases the voltage change, which is given
through decentralized generation is too high arnithge
limits required in national grid codes (exemplarilg])
cannot be maintained. In these cases it is negetsair
the installed DG is operated in the underexcitegration
mode.

In Figure 2 the effects of supplying an active pofeetor
cose =1.00 and varying power factors
cose = 0.95/0.90/0.85 (overexcited) and gos 0.95/0.9
0/0.85 (underexcited) on the voltage change aréctigb

for the three mentioned representative measurement
points for an infeed of P =45 kW. The power factor
cosoe = 0.30 (overexcited) and cos= 0.30
(underexcited) shall demonstrate the effects ofigh h

observed. Due to increasing generation, demand and amount of supply of reactive power into the lowtagk

additional supply of 125 kW af2) the transformer is
overloaded for load case 2 to load case 4 till 2030
Furthermore there are violations of the voltageitim
regarding load case 4 in 2030 [4].

ANALYSED NETWORK PERIPHERY
RURAL DISTRIBUTION AREA

In Figure 1 the characteristics of the analysedvoet
periphery as well as technical parameters of theatly
components are depicted. NumKer to (3) demonstrates
the measurement points including the distances dsatw
each other in the network periphery.

External factors like a reduced or increased denratite
network which can cause changes in voltage leveé ha
been considered during the field tests.

| 4,=326 m

20/0.4 kv
Dyn5,125 kVA
Transformer

»

.

20 kv
Distribution grid

0...375 kVA

@ Busbar, substation transformer

@ Decentralized generation (DG)

@ End of network periphery

1 Loads
Figure 1: Network periphery (rural distribution area)
with geometric distances
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network. The voltage at the busbar of the substatio
transformer (see positiofl), Figure 2) is used as
reference voltage. At the point of common couplbfighe
decentralized generatid@), Figure 2, it can be seen that
due to an overexcited injection of active power the
voltage increases. The voltage at the point of comm
coupling is decreased, using an injection of undsted
active power. The same facts occur for the endhat t
periphery network3). The influence of a reactive power
feed-in is not so significant than the supply ofivac
power into the low voltage network.

1035 A A
30 overexcited -
85 overexcited Re
190 overexcited Re
.95 overexcited
=1.00
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30

underexcited A
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Figure 2: Simulation results, active power P =45 kW,
variable power factor cas (over- and underexcited)
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FIELD TEST — MEASUREMENTS

Voltage behaviour in the network periphery

Due to the capacity of the decentralized generatioih

the active power P has been varied between 30 kilV an
80 kW, considering an overexcited power factoredtgd

at the point of common coupling; results are shfavran
feed-in of active power of P =45kW because the
resulting voltage drop caused by an overexcited gpow
factor can be demonstrated in all feed-in scenarios

Table 2 shows the influence of an overexcited power
factor on the measured voltages at several panthé
network periphery. The values are depicted in itato
cose =1.00. The reference voltage is assumed at a value
of 230 V (1.00 pu). The measured voltage increasése
point of common coupling under consideration of an
overexcited power factor. The voltage at the endhef
periphery network shows similar values to the \g#ta
values at the point of common coupling. This ressilt
caused by the voltage drop along the conductor thesr
short distance between poif?) and (3) and the low
consumption at the end of the network periphery.

@ @ ®
P in kW cos ¢ Uinp.u. Uinp.u. Uinp.u.
45 1.00 0,987 1,006 1,006
@® @ ®
P in kw cos @, |AUinp.u., inrelation| AU in p.u., inrelation | AU in p.u., in relation
overexcited| tocos p=1 tocos p=1 tocos =1
45 0.95 0,008 0,010 0,008
45 0.90 0,012 0,013 0,012
45 0.85 0,017 0,021 0,020

Table 2: Measurement results voltage behaviour at
several locations in the network periphery, acfeed-in
power P = 45 kW, cog = overexcited, variabte

Table 3 shows the influence of an overexcited power
factor on the voltage level simulated at severanhtgoin

the network periphery. The reference voltage i als
assumed at a value of 230V (1.00 pu). The simdlate
voltage increases at the point of common couplindeu
consideration of an overexcited power factor.

0) @ ®
Pin kw cos ¢ Uinp.u. Uinp.u. Uinp.u.
45 1.00 0,987 1,007 1,007
0) @ ®
Pin kw cos @, |AUinp.u., inrelation| AU inp.u., inrelation | AU in p.u., in relation
overexcited tocos =1 tocos ¢=1 tocos =1
45 0.95 0,005 0,007 0,007
45 0.90 0,007 0,010 0,010
45 0.85 0,009 0,013 0,013

Table 3: Simulation results voltage behaviour at several
locations in the network periphery, active feedpmwer

1 The used generator was only able to feed-in activ
power with an overexcited power factor.
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P =45 kW, co® = overexcited, variable

The voltage behaviour under consideration of an
overexcited power factor shows a correspondingdtian
measurements and simulations. The deviations argeda
by a fluctuating load during the measurements anithér
external influences like network realisation.

CONCLUSION

The simulations of representative distribution area
(urban, sub-urban and rural distribution) under
consideration of different load cases till 2020 &&B0
(considering legal requirements regarding renevgable
extensive use of renewables, use of demand side
management including high amount of renewablesyvsho
the limits of network components (conductors, safiish
transformers ...) in respect of demand and decendcli
generation.

It can be observed that the active power is thataniial
factor for the voltage change at the point of commo
coupling as well as at different locations in thelgsed
periphery network. The reactive power can influetize
voltage change only in a restricted way but incesabe
current load of network components.
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