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ABSTRACT

The main objective of the current work is the evaluation
of the implications of the decentralized generation
reactive power control on the system operation. The
investigations were conducted on a real life network in
MV and LV levels. A LV network has been built behind
each MV/LVtransformer In the MV network three wind
mills are existed while in the LV side 70 PV generators
are existedMeasured generation profiles of the wind and
PV were used for three weeks representing three seasons,
one week in January, one in April, and one July.
Generic bad profiles of households andromercialsare
taken into considerationThe andysis was conducted
using PoweFactory DIgSILENT softwateThe results
show that controlling of the reactive power of the
decentralized generatioplays an important role in the
future distribution networks.

CASE STUDY

The MV grid under study comprises a suburban aead
two rural areag4]. The MV network is operating at 20
kV. The energy is supplied to the network through a 40
MVA, 110/20 kV transformer located at the main station
three wind millsand 70 PV generators, respectiveljne
loads are connected at each MV substation through
transformers of 20/0.4 kV with different ratings.
Consequentlyite number of MV/LV transformers in the
networkis 36. The whole network including the LV grids
wasbuilt in one network modelhence thenteraction of
the different voltage levelsould be considered irthe
simulation

GENERATION AND LOAD PROFILES

In the network under study wind generators are connected
INTRODUCTION at the MV |l evel where PVO0s

The amount of installed smallscale decentralized

generation(DG) has been growing in the last years. In  \Wind Generation

many countries, government policies have favoured the |« My networkthe three wind millsof 0.5. 0.6. and 2
installation of new smakcaleDG. DG has brought up MW are already intercorected into the gri’d. T'hey are

the possrllbllgy of ”?a'l"”gla m_ore;] efﬂment_t:]se ofé)fuel, connected tothe grid through 630, 800, 2500 kVA
eve?_lat_t € omesgllc evel, as Is the case '\;VILI “mm' ! transformers, respectivelyThree weeksrepresenting
or utilizing renewable energy sources avarablesne, as three seasonsf measured data of theutput power for

in the caslf Of_t s;nlar hpo:xjve[frl]. lingflj_”_edesh reac:we K the three millds used in this workiFigure 1 a) shows the
power makes it 100 hard for sStabilizing theé Network ., 5)i76q output power of the three wind mills.
voltages. Moreoverit will be the cause of additional

costs throughout the entire network since all the power —January —April —July
systems components such as cables, transformers, and
generators must be sized to carry the total current.
Moreover, that will increase the cost of reactive power

a)wind

which is supplied from the transmission systgh For 0.5 1

decades theeactive powercontrol has been identified as -

one of thecrucial operation functions dhe distribution 0 et i v

system. Efficientreactive powercontrol reduces system Dayl Day2 Day3 Day4 Day5 Day6 Day7
losses, improves voltage profile, and hence enhances the 1

delivered power quality and overall system reliabil&}. b) PV

In the futue distribution gridsa large number oD Go6's o5 A\ N hr
will be exist; therefore the implications of reactive power ' i /i \ )} ' A r [
flow through these resources into different voltage levels 0 J_\L R J\ L\ A Jaih.\‘_

have to be analyzed Dayl Day2 Day3 Day4 Day5 Day6é Day?7

Figurel: Normalized windand PV activepowerof theweekfor
the three seasons
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PV Generation

The PV generation in Germany isainly connected at
the LV grids. The four German transmission system
operators publish jointly the master data annuily
The last published datthe end of 2011 was usedthre
currentinvestigation. The data was used to implement the
PV in the network model at the same point of common
coupling as in the real situationThus 70 single
generators were distributed the network modelThe
rated power varies from.98 to 8712 kWp. The overall
generation capacity regarding solar power is.@2&Wp.

The generation profile for thBV was derived from the
output power of an existing®?V inverter. Due to the
regional area of the investigated network the generation
profile of this sample inverter was assumed as a reference
for all inverters inthe network In terms of the time

be able to inject power with a power factor from
0-95)verexcited to 0-951ndeexcited (O-goverexcited to O-deeexcited

for units with a rated power exceeding 13.8 kVA).

The requirements of the guideline for D&nnected to
MV grids resemble the directives for LV grifi8]. The
grid operator can induce the conduct of DG in MV grids
regarding the injection of reactive power. The units have
to be able to operate with a power factor from
O-QEbverexcitedtO 0-95&ndeexcited

In order to improve the voltage quality at the point of
common coupling th&V guideline proposes a cdg(P-
characteristic  (Figure ,2 continuous ling This
characteristic was applied in the current study for the
generation units with a rated pewexceeding 30 kW in
order to increase the voltage quality at the respective
connection point (first scenario).

period for the measurement, the same weeks were used as

for the measurement for the thrednd mills. Thus a
consistent generation profile can be assumed for the
investigation. The normalized output power for ¥
inverters is depicted in Figudeb).

Load Profiles

The network model was built in such a way tha¢ doad

represents one household. The whole network model
comprises more than 2600 single households. To simulate
the energy consumption of the households generic load
profiles were used. The annual energy consumption for
each household was assumed as 4E@fh. An own

simulation tool considers 20 domestic appliances such as
washing machine, cooking plate and TV. The usage of

Figure2: Characteristic for the power factor as a function of the
ratio of current power (P) to rated powegyR)

Another possible characteristic for the voltage regulation

each domestic appliance is subject to the configuration of with reactive power is depicted in Figu (second

the respective household, probability of usage and usage
period. The load mfiles were attached to the respective
loads arbitrarily. For the verification the sum of all
generic load profiles was compared to the corresponding
standard load profile. The sum of the simulated load
profiles resembles the respective standard loadilgrof
This proves the usability of the generic load profiles. In
terms of the power factp®.9 inductive was assumed for
the households.

Reactive power characteristic

The German guideline for the technical connection
conditions VDEAR-N 4105 prescribes the conduct of
power generating units inV networks[6]. The injection
of active power irLV networksraisesthe voltage athe
point of common coupling. With the ongoing installation
of smaltscaleDG, this issue will increase in significance
in the future.In former papers the usability and viability
of the injection of reactive powefor improving the
voltage qualitycould be proved [7]. Usually the grid

operator can prescribe a characteristic dependent on the

actual grid situation. According to thé/ guideline units
with a rated pwer between 3.68 and 13.8 kVA have to
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scenario). The injection of reactive power and the power
factor, respectively, is determined dependent on the ratio
of the current voltage to theated voltage. The second
characteristic has the advantage that generation units
inject reactive power only in case the voltage exceeds the
defined limitation.

Figure3: Characteristic for the reactive power injection and
power factor, respectively, asfunction of the ratio of current
voltage (U) to rated voltage (Y



