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ABSTRACT

hydro power plantsHPP), 6%of biomass power plants
(BMP), 5%o0f BGP and 2% other) in theupplyarea othe
largest electricity distributon the CzectRepublic which

Knowledge of the actual behavior and characteristics of providesthe distributionfor about 3.5 million delivery

photovoltaic plants BVP) scatteredin a larger area is
importantin terms othesizeof the total power supplied to
the network(in terms ofcrowding out other types of nen
renewable resourcedue topreferential purchageas well

as the changes that affect the necessary support services

and demands on the regulatory capacitfPVP.Asfor the
support servicesnfluenced by thecharacter of PVP
productionthereis important not only th&aluebut also
therate of change of power outpthe @per contains an
analysis, based on data frofV/P andwind power plants
(WPB) in operationconnectedo the distribution networi
the territory of the Czch Republicwith the instdled
capacity of about 2000 MV¢ummer minimurtoad of ES
in theCzech Republits lessthan 5000 MW.

INTRODUCTION

The mper describes the results of evaluation1688
renewable sourcein operation with a total installed
capadty of 1341 MW in the territory of thdargest
distribution network operatoBNO) in theCzech Republic

The results of this evaluation not only has compared

installed and contemporarymaximum power, reactive
power balance for each type of renewable gnsogrrces in
the supply area of tHeNO, but alsahe time ofuse of the
individual types (PVP, WPP, Biogas PI&BGP), etc)
sources in th€zech Republic

points. The evaluationwas based on theommercial
measurementdata (15 min. ntervals). Rated power
distribution of sourcs under evalution is then shown in
Fig. 1. From the rated powatistributionis clear that the
sourceswith rated powenof up to 1 MWareprevailing On
the contrarythere is minimunsourceswith P, 10MW,
even thoughhere aresourceswith P> 20MW in the
evaliated distribution network (DN) (particularly
photovoltaicand windsourcey

Rated power distribution of sources

[irequency -a-Cumul. %

.

2 3 5 10 10

Frequency
Cumulative [%]

15
Pinst [MW]

Figure 1

Simultaneouspower andtime of use

The evaluationof the RES operation in thearea of the
largest DNO in the Czech Republias carried ouin two
stages. The firstagecoveredl1l months ofhe yea2011,
the secondtage- thefirst half ofthe yea2012.The DNO
assumes the continuation and evaluatiothefperiod of

The paper also deals with the issue of forced reduction of 2012 and 2013. Theigure 2 shows the ratio of installed

active power supply from photovoltaic carwind power

plantsin cases affecting the stability of the transmission

system, and describes ttigoserapproach to determine the

and contemporarypower for the 1st half 02012 of the
individual types of renewable energy souragserating
within the territory of this DNOPVP P,s=776 MW,

correction factors expressing the expected utilization of the Psou=632 MW, contemporary factosimultaneityof power

installedpowerof photovoltaic and wind power plants at the
time of applicationreductionor interruption of production.
These factors are then used to calculatepttoeluction
lossesof photovoltaic anavind power plantsvhosepower
wasforcibly limited by the TSO / DNO.

EVALUATION OF THE OPERATION OF RES

The evaluation of therenewable energy sourc¢éRES
involved 1341 MW sourcegonnected to the MV and HV
networks(of which 60%of PVP, 14% of WPP13% of
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delivery — approx.0.82) are tealy the dominant source
type Other importantypes ofsources are then wind and
hydropowerplants Largecontrollablehydropowerplants
(10- 100MW) were excluded frorthe evaluationin order

to avoidmisinterpretation of the results. Téealuation was
purely focused odispersed generation i@hevable energy
sources.

The Figure 3 shows the tingbart of the monthly maximum
of simultaneougpower in both periods of evaluation. It is
obvious that the largest simultaneity in both periods is
achieved in the months of March, April and May. It is
becausén the mix of sources the largest proportions of
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power are the photovoltaic sources.

From the provided data for the evaluation it was possible to
determine the time of use of the maximum for different
types of sources. In order not to distort the preskmtsults

by using the evaluation for only half year period, we present
the following Figure 4 where there is given the maximum
usage time for the period from February to December 2012
(data for the month of January was not provided because of
technical rasons).

Division of P,,,4. uax depending on type of the source
1. half of 2012

Evaluation of the reactive power

In addtion to evaluationof the active powersupply, the
production analysiswas focused on theobservanceof
allowable movement gfower factoy or more precisely on
supply or consumption of reactive powate evaluated two
different modes of operation:

1. Energ generation to the gridf the DNO
2. Energy consumption from thgrid of theDNO

[[mwr weomas mwrr Wy mmincgas mogess

- As an exampleve presenthe following figures which

clearly show a problem witthe observance of thaefined
power factor ¢n the basis ofa nondiscriminatory
recommendabnsof theCzech Regulatory AuthorifERU)
it is, in the majority of casesequiredthe observance tiie
neutral power dctor at the delivery point)he results of
evaluatioronthesupplyof active powerrefor PVP or for
WPP shown in Fig. 5and Fig. 6. Conditionsduring the
active powerconsumptiorior the same types of souraee
shown in Fig.7 and Fig. 8.

P (MW]

Figure 2
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Due todominant position of photovoltagpurcesheirtime e | B -
of use of the maximumwas very interestingvhichwasin Figure7 Figure8

the evaluated periodat about 1000 hours / yeaNo
significant differencevas observetietween théndividual
regiors of the Czech Republi@d quite interestingalueis

the maximunusageaime of biogas resources, especially for

the reason that after exhausting the poteafiebnstruction
of large photovoltaic parks in the Czech Repuybiieestors
turned tkeir attention tahe construction of bigas plants,

which in case of the current purchase prices may have
significant impact orthe sate budget and subsequently on

electricity prices for final customers.

Maximum usage time, February - December 2011
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Figure4
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Not meeing the required criterianay besides other things
causevoltage stability problemsnot only at the delivery
pointof the plantbut alsaat the delivery pointsetween the
DNO network and other customersespeciallyin distant
parts of thenetwork In the Czech Republitere is penalty
(a decreeof the Regulation Authority for not complying
with the stakd band of power factorin electricity
consumptionfrom the [N, a similarinstrumentis being
preparedor the electricitydeliveryof the RESinto DN.

These payments can then motivate the operators of these

generating plants to install gective measures (better
management toglsdecompensatingreacance coil in
networkswith large cabldines installations of new typex
inverterswith higherrangeof power factor, etc).

The extentof the active powerchanges

In additionto billing dat, the data from thedispatches ~
measuremensystem(oneminute cutg was provided for
234source®f dispersedjeneratiorfabout521MW). With
thatdatait waspossible to performnalysiSocusedonthe
size of thepower changedetween consecutive-minute
intervalswith a focus onphotovoltai¢ wind and biogas
power plants.The resulting valueswere processedor
distributionchangesmeaninga decreasef active power
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and for active powerchangesincrease The resulting
distribution isshown in the fdbwing Figure 9

Minute changes of P/Pinst
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The values shown on the horizontal axis of the graph

correspond tcevaluatedintervals ofchanges in theéhe

active powervalueg for example, where a value of 10%

covers the interval from 5% to 10%he value of 25%

covers thénterval from 10% to 25%, etc. The graph shows

that most valug vary in the rangefrom -1% to 1%of

power. From te histogramit is also clear thaalthough
there werechanges in theangeof 10-25% of the installed
capacity at somgypes ofrenewable engy sources\WPP
andbiogas),thenchanges ircontemporarypowerthatare
from the perspectivef network more important varied
onlyin the rangdrom -5 to -3% of increase iractive power
andfrom 3-5% of decrease iactive power

THE LOSS OF PRODUCTION DUE TO
FORCED POWER REDUCTION

Installedpowerin the Czech Republin WPPandPVPis
more tharabout 2000MW, which is relativelysignificant
share of the total load.During operation of DN or
transmission networkT(N) there can appearsituations
which may causea directthreat to the stabilityof the
system.For thesepurposes, therés the duty for those
sourcesof the TSO dispatchingcente requestto reduce
active powelto 60%, 3®0, 0%with no compensatiofor
losss in production. For management purpas DNO
need to be able toregulate power of at least some
significantPVPandWPPalsoin other casem whichthere
isarightfor compensabn of production restrictiondn the
Czech Republi¢he applicable regulationdo notexpect
due to the naturef production inPVPandWPP, that they
will be usedfor support serviceéthe relevanprovisions
can be found irthe Distribution Network CodeJ-or the
abovementionecpurposesf activepowerregulatiorthere
wereselectedl08 significantPVP (61 souces) andVPP
(47 source} operating inthe two largestegionsof the
DNO in the Czech RepublicThe list wasset upafter
agreemenipetween th®NO and theTSO. To establishhe
conditionsof compensatiofior the undelivereelectricity
duringreducedproduction by thel SOtheoperatiorof PVP
and WPP in the Czech Republiavas analyed [2], the
results weraisedin amendnent ofthe MIT Decre€3].
Evaluation ofpower outpubf selectedRESwasbased on
dataprovided byDNOsfor the year 201 Andfor the year
2010 in limited extent Accuracy of provided data was
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checked before the evaluation

The data weréhenconvertedo contemporanhourvalues
With these values it is possible to determine the
characteristicurvesof theproduction ofPVPandWPPin
the Czech RepublicseeFig. 10, Fig. 11. There isan
obviousdependencef PVPon climatic conditionsluring
the day; with WPP this dependence is naio clear The
measuredvalues were extrapolatedby trend line to
determine theurvecharacterizinglaily production

werage hour value P WPP, 2010 and 2011

P/Pinst
Pfpinst

T

Figurell

g¥iY

Contemporary evaluation

Thedeliveredvaluesof measuregoowerweresummarized
for each sourcand thencontemporarypower outputvas
calculated separately fothe PVP and WPPsourcesThe
proportionalpower valuesirealwaysrelatedto the current
valueof the installed capacifp a giverperiod of timeThe
evaluation wasaimed atdeterminingthe maximum and
averagepower outputaluein selected timéntervals

In Figure12 thereare shownproportionalmaximum hour
valuesof contemporarpower outputn a given monttand
the timemeasuremengeriod(e.g. maximumfor Mayis set
from 31 contemporanhour valuesfor each houiinterval
and related t®,.s). Figure 13showsmonthlymaximumof
contemporanhour valuesof contemporarypower output
(i.e.maximumregardless of thBme interval)
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THE AMOUNT OF NON -PRODUCED ENERGY
DUE TO THE DISPATCHER CONTROL

Non-producecenergydue totheforced power reductiois
for compensatiorcalculationbased onthe duration of
productionreductionand installed capacityof the plant
multiplied by acorrectionfactoraccording to théormula

Wne:Pinst X kv X (tzp - tkp)

Whe non-producedenergyduring production interruption [MWh]
Pinst installed power of thelant

ky a correction factor to determinenergyduring interruption of
production

tzp time at the beginning of interruption

tip time at theendof interruption

The mainobjective of this analysisasto find asimpleand
acceptablalgorithm forcalculaton of correction factors
representinghe expectededuction of the installed capacity
of renewable energy sourcasthe time ofpplication of the
restriction or interruptiomf electricity productionin PVP
andWPPs

On the basis oprovideddatawere derivedequationgor
calculation ofcorrectionfactorsin the followingstructurg(t

- onehourinterval m- month P, - contemporarypower, N;

- numberof measuringntervalg:

1 PVP-summer period

10 . 16:00 P(t)c>50%5’"5[
m=341t=9:00 P
inst(m)

A3 812500 Ni (P() cos00e,.)
1 PVP-winter period

22 11600 P(t)c>50%*?n5l
Am=112 t=900 P
_ inst(m)
k, =

kvl =

82181500 N (P(t) c>500p,,)
T WPP

512 . 2400 P(t)0>5°%F%s‘
=12 t=0.00 P
K = inst(m)
VT 112 12400 i
&1 8 0,00 PNI(P(Y) o500, )

The resulting values of correction factors

General overviewof the calculatedcorrection factors
definedfrom contemporarpourly powerof evaluatedypes
of sources is given ifiab. 1. Since these amontemporary
valuesdefinedfor selected sourced is necessaro keep
in mind differentoperating conditionsf individualsources.

For PVP, two values &, pwere defined

opvp = 0.5 and quantification of kp for contemporary

power a = 0.5, 0. 6, 0.65, 0.
namely
Kvpvez = 0,6
Power Kupvp kv-PVP kwee | Kvpvpewpp
limit (summer (wu_’lter (summer
period | period period
\r’;’gtﬁi‘(’:‘tjigns 044 | 015 | 021 | 036
a = 0 0,63 0,57 0,63 0,55
a=0,6 0,68 0,64 0,69 0,65
a = 0 0,71 0,67 0,71 0,69
a = 0 0,74 - 0,75 0,72
a = 0 0,76 - 0,77 0,73
a = 0 0,78 - 0,79 -
a = 0 0,80 - 0,80 -
a = 0 0,81 - 0,81 -
Tablel

For WPP therevasdefinedone valudor all montts of the
year & aweighted average of tlwrrection factoréor o=
0.6,0.65 0.70, 0.725 0.75,0.775 0.8, namely

Kwwpp= 0,72

This approach andorrectivefactorvalueswerediscussed
with theassociationef PVP andWPP producersandare
the partof the decre¢3].

CONCLUSION

From hepresentedesultsof evaluation of the operation of
distributed generatioof RESin the Czech Republis clear
that the installed capacity with regard to ovekalech
Republicconsumptiorachieves significarievel, resulting
in achange of viewon thesesources

This paper points outhe some risks for operation of
network with a significanportion of dispersed generation
sourcesin particulardue topower factoffluctuationat the
PCCpointand the active powearthange Furthemorg the
paperdescribeshe use o$electedigherpowersources for
forced power limitationof WPP and PVP and setting
correctionfactorsfor calculationof compensation

In the months of March to October we use the value defined REFERENCES

under t he pas0s/anchguantification afjp

as a weighted average respecting maximum usage time for

contemporary power.
a = 0, 70; 0,

Kvpver = 0,76

725,; 0, 75;

In the months of November to February we use the value
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