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Analysis of electric networks in island operationthaa large
penetration of wind power

Adrian Garcid’, Jacob @stergaafd
YCentro Técnico de Automatismos e Investigaciong@aCientifico Tecnolégico de Gijén. Edificio CTA3203 Gijon
Principado de Asturias. Spain
2 Center for Electric Technology (CET), @rstedsDTéchnical University of Denmark (DTU), Elektroved® DK-2800
Kgs. Lyngby, Denmark

Abstract — The percentages of wind power penetration in some The arising problem is the possible instabilityténms of

areas of the electric distribution system are riegchather high
levels. Due to the intermittent nature of wind povike voltage and
frequency quality could be seriously compromisegeeglly in
case of island operation of such an area of the grithis paper the
impact of wind power in island distribution systerhas been
analysed with respect to voltage and frequencysiBlesmeasures
for controlling both voltage and frequency are sgjgd and have
been analysed. The suggested measures are stgdigevoontroller
(SVC), dump loads, kinetic energy storage systenms| kad
shedding. It is shown that the measures effectivay bring
voltage and frequency quality within the normal igien range.

Index Terms — Dump load, Flicker, Island operation, Kinetic
energy storage system, Load shedding, SVC, Windzpow

1. INTRODUCTION

For many years the power consumption has reliedhen
production of centralized power plants interconaedct
through transmission lines and thereby accomplgshin
rather stable power system. Nowadays this philogagh
changing due to the increase of the embedded gare

voltage and frequency due to the weakness of suzinal
electric network operated in island. Regardingftquency,
the problems are caused mainly because of therriie
inertia H) of the system. As it is shown in the network
electromechanical equation (1) a mismatch between
produced power (Re) and consumed power 8 generates
variations in the angular frequency of the generators and
thereby the frequency of the system. These vanatiare
dumped by the inertia of the system, and sincereia, in
this case, is much smaller than in non isolatedaijom, the
frequency will be more affected.
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In the case of the voltage, the reactive poweratians of
the demand and wind generation have a more signific
impact on the total reactive power balance of tistesn
compared with interconnected operation. Consideritigt
the excitation systems of the synchronous generatiee not

small combined heat and power (CHP) plants and winfhst enough to compensate such variations, thag®ltwill

farms. This configuration leads to some drawbaaksatso
to advantages. Considering the fact that the étepower
has to flow through distribution lines instead i@nsmission
lines, the losses will be increased in many caseaddition,
in the case of wind turbines, the nature of thegghsource
and the use of power electronics in the genergtimtess
can affect the power quality. Nevertheless, wharebhe
embedded generation capability is able to fulfile th
consumption, in cases of e.g. disturbances in ftie gr
imminent blackout, the network could be split inaomous
grid cells working independent from each other la®as in
Figure 1.
OGridcell

—— Transmission line
— Electrical substation
—— Distribution line

©

Figure 1.

Split network.

be affected.

Considering the objections of the isolated opematihis
paper presents the results of a study on the dynami
behaviour of a typical Danish electric distributioatwork in
island operation. The study has been realized leyafigshe
power systems simulation prograrRowerFactory by
DigSlent based on a quite simple grid. The considered
power system includes a variable demand, a CHR placha
wind farm with variable production.

The wind power is going to be considered as wimbites
of the Danish concept type and without any power control
capability, i.e. they are fixed speed wind turbia@sl do not
have active stall or pitching systems for contnglithe
power output. Under these conditions, the powepwubf
the wind turbine will depend mainly on the wind sge
hence the wind power production is an uncontroflasiergy
source which, as in the case of the variable demanight
generate disturbances in the grid.

The fluctuating wind power and its penetration petage
present a key issue in a grid cell. In order tdbalstnce the
frequency disturbances from the wind power in a gell,
the use of dump loads, kinetic energy storage systend
load shedding is considered, and in the case ofidttage,
the application of a SVC is considered.
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2. STUDIED MODEL

The analyzed model is representative of a grid. dell
consists of three nodes interconnected througlstailaition
line in the level of 60 kV. In one node there igas engine
based CHP plant, in another node there is a wirrd fehich
rated power will be modified to study different easand in
the third node variable consumption is located.

In order to get a good approximation to the realvoek
behaviour in the studied conditions, the grid comgus
models must be as accurate as possible and reahdatto
be used whenever possible.

NOVEMR 2007, ROSKILDE, DENMARK

To analyze the frequency and voltage it is necgseaset
up the quality standards taken into account. Adogrtb the
Nordic grid code [1] the maximum frequency deviaidn
normal operation must not exceed +0.1 Hz. The feaqu
data from the simulation results will be preseniatb
histogram pictures and tables. By using these fb@seasier
to evaluate the frequency quality.

Concerning voltage, the limit considered in thisdstis set
by the maximum short term flicker powerg§Rvhich has to
be below one according to IEC [3]. In this caseakgorithm
is applied to the voltage rms values obtained ie th

The CHP have four groups of 3.5 MW each and i$imulations to compute the;PThis algorithm is developed

modelled considering real data provided by the Brani
transmission system operatdenerginet.dk. The model
includes a voltage controller, a power controllepéged
controller), a primary mover unit model and thectie
generator. The models for both the voltage comrahd the
primary mover unit are realised with the actualwesl of the
CHP model. However, since in normal operation ghést is
not requested to control the frequency, the speedraler
which was basically a proportional controller waplaced
by a PID controller which should be able to perfargood
frequency control since it has no steady state.erro
The wind farm considered consists of 8 wind turbingth a
rated power of 500 kW each. Since there was notigimo
data available to realise an aggregated modelhferind
farm, the 8 wind turbines have been modelled sépigra
The model of the wind turbines is done with datarfra 500
kW Nordtank wind turbine [4]. This model uses the
mechanical power as input along the simulation fisned
considers the soft coupling of the low speed shaft the
electric generator, both with the actual values fhe
parameters. The data used as input for the windintar
models is a key issue. It would not be a real ¢aadl the
wind turbines had the same input, because the $nimgot
effect, which takes place in the power output of thind
farm with respect to a single wind turbine, woulé b
neglected [4]. To overcome this problem, 8 measargm
files of the Nordtank wind turbine were taken inigihthe
average wind speed and turbulent value were sindar
simulate the real behaviour in a wind farm

The consumption values used to simulate the dynam
behaviour of the load are based on measured vdtoes
DONG Energy, one of the Danish distribution companies in
four of its 10 kV feeders. The average active asactive

consumption is 7 MW and 4 Mvar, respectively. The

measurement of active and reactive power was with o
second resolution which permits to simulate faillgfuhe
load profile. In the node where the load is locatdue
corrective measures proposed to help with the Brequ and
voltage control will be placed.

In the simulations the impact of wind power in hoth
frequency and voltage is analysed. The impact afivaiower
in the grid cell depends on one hand on the wirtthieur,
as previously mentioned, and on the other hand hen t
penetration percentage of wind power in the netwbidnce,
the influence of five different penetration percayds of

wind power between 0% (if there is no wind turbine

connected) and 52% (if all the wind turbines arenazted)
of the total mean demand in the network is goingb&
discussed.

according to [2].
3. CORRECTIVE MEASURES PROPOSED

Due to the reasons explained previously, this pppgposes
measures to deal with frequency and voltage ingtabi
These are, in the case of the frequency dump ldads,
shedding and systems of kinetic energy storageh®mwther
hand, the use of an SVC will be discussed for tbkage
control. Hereafter are presented thoroughly thespgsals
and in the appendix are shown the developed maged in
the simulations.

3.1. Dump Load

A dump load is basically a type of load which cangtion
can be controlled quite fast to perform frequenontiol.
Dump load is widely used in hybrid wind-diesel &yas
because the diesel engine is not capable to peréfoguod
frequency control. In the early days the energyhef dump
load was wasted in a resistors bank, but now itteansed to
charge batteries or heating up water. Normally, dbenp
loads are specifically designed for working as swdtich is

an important drawback in this case because maiteofime

they would not be necessary as the network would no

normally be in island operation.

A possible solution for this problem would be tesome
normal consumers as dump loads. The requested power
could be modified without causing big problems. $oai
those peculiar consumers could be:

IC . Desalination plants. The change on requested power
in this kind of industry would be realised by
controlling pumps and would only affect the water
flow.

Heaters. In big installations in which electric apeis
used for heating up e.g. fluids.

Pumping stations. This is a similar case to the
desalination plant..

Ice making factories. The power consumption
changes would affect to the time needed to make the
ice.

If the power of these loads is momentarily changsther
increased (if it is possible) or decreased, thekies caused
would be hardly noticeable whenever the averagedepo
consumption stays constant. A so called dynamid gri
interface could manage these loads to meet theresgents
of frequency control. In this study, a dump load06 kW is
considered. It is assumed that the dump load hasrmal
operational power of 400 kW and an up-and-down ledig
capability of £200 kW.
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3.2. Kinetic energy storage system (KESS).

A kinetic energy storage system is a device whitdres
energy in kinetic form in a flywheel. This devicarceither
release or absorb energy according to the requiresmé is
considered to be a useful device in the studied basause it
could help to the balance between demand and sujpiglyto
its fast response capability.

For storing energy another device such as battenetl
be used, however they would not be so suitabletduée
operating conditions needed. Since the frequenagyflitker
very fast, the energy storage system has to begetiaand
discharged as well very fast. This cyclic loadsnupatteries,
would lead in the real life to a decrease in tHiéatime.
Nevertheless, a flywheel can stand much betteretlogslic
loads without a big impact on its durability.

The model made ifPowerFactory does not consider the
interface between the system and the grid, i.e.ptheer
converter is not taken into account. This consitigmecan be

assumed in this dissertation because the scopenlis o

analyzing the frequency control capability of thistem and
not how the power controller works. The data far thodel
was obtained from the characteristics of a real 8§83],

which in this case is able to store 18 MWs with @aimum

power of 300 kW.

3.3. Load Shedding

Load shedding consists of load which in cases afeun
frequencies, is disconnected to reach a new balbgivecen

production and consumption. All major electric powe

systems have certain amount of load able to be shdér
extreme low frequencies. These loads are typicaliyplete
distribution feeders including all connected custéosn This
load shedding philosophy has a major impact on woess
and it is not supposed to help to the frequencytrobiin
small deviations.

In recent years another sort of load shedding pbpby
[9] has been proposed. It consists of making auticnead
shedding and is formed by a large number of snualt$
instead of few large loads. These small loads wbeldng
to the household and residential consumption inhsac
manner that their partial disconnection from thigl gvould
not affect the consumers comfort. Examples of ffug of
loads are:

« Refrigeration.

For short periods of time it

is

has a major impact on the frequency, results wibhesal
quantities of load shedding will be presented.

3.4. Satic Var Compensator (SVC)

Since the only reactive power source in the netwsrihe
CHP generators which excitation systems are noefasugh
to perform a rapid control of the voltage, a systeiith

capability to deal with the sudden reactive powariations
is needed. That is provided by an SVC; it consi$ta three-
phase capacitor directly connected to the networgarallel
with a three-phase reactor connected through tioysisThis
configuration leads to a fixed reactive power itimat caused
by the capacitor bank and a controllable reactiosvey

consumption by the reactor. The reactive power robris

performed by setting the appropriate firing angte the
thyristors which is the reason for its fast control

PowerFactory itself contains a model for this device, so it

was only needed to setup its governor. The worlopbphy
of the SVC, in this case, consists of keeping the value of
the voltage in the consumers node constant to attoed
flicker problems.

4. NETWORK OPERATION WITHOUT CORRECTIVE MEASURES

The frequency histogram is depicted in Figure 2chEa
colour corresponds to a wind power penetration greege
in the network which varies from 0% to 52% in 13s¥%ps
of the total average power consumption of 7 MW.

30 T T T T T T T T
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Figure 2. Frequency histogram for different windveo percentages.

disconnected from the compressor, meanwhile theTable 1. Impact on frequency and voltage with saiveercentages of

lights are on.

« Clothes dryers. The heating element is interrupted
the rotating drum is not stopped.

« Water heating. The thermostat is set back tempyrari

» Cookers. The heating devices of the cookers can be
the

intermittently disconnected hardly affecting
cooking time.

e Other heat sources, as i.e. those used for ked¢ping
coffee warm once it is made,
temporarily disconnected.

In the simulation program, this has been modellsdaa
load which connects or disconnects itself accordmghe
requirements of the frequency. Since the frequeigy
permitted to be in the range between 49.9 Hz andl b,
the load shedding is activated when the frequeioeg ginder
49.9 Hz and it is not reconnected until the freqyeis
totally recovered to 50 Hz. As the size of the Ichedding

wind power penetration

% of wind power| 9% time inside limits (P
0 47 3.73
13 53 2.91
26 51 3.01
39 50 3.1
52 51 3.28

could also be

Reminding the normal operation limits of 50 + 0.2, K is
possible to notice in Figure 2 that the frequenogggout of
its normal operation limits under all wind powempé&ation
levels. The frequency deviations are quite remaekahd for
rather big percentages of time. In almost all thses, the
frequency is out of limits for approximately thelfhaf the
simulation period as it is shown in Table 1. Cargyout a
deeper look into the results for the different wipdwer
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percentages, the case with no wind power in thevorét
leads to the worst frequency results. The reaspithfs can

penetration is increased, this is more clearly shawTable
2. In all the different wind power penetration parages the

be explained by (1) which links the balance betweerrequency is within the permitted range more thiaa 90%
produced and consumed power with the system fregquen of the time, reaching values as high as 99% inctee of
When a mismatch between produced and consumed powE3% of wind power penetration in the grid. The cea$or

takes place, the system frequency is affected. eSihe

system inertia (H) is dividing the power mismatitig bigger
the inertia is, the smaller is the influence in fhequency.
Due to their really big rotors, wind turbines havbig inertia
meaning an important part of the total inertia solated

systems as is the case. Nevertheless, there & livegar link

between the inertia increase caused by wind tushams the
frequency improvement. In fact, increasing the wpmver

percentage level makes the frequency worse. Thsoneahy

this happen is because on one hand, wind turbmedse
the inertia of the system which helps the frequetizy on

the other hand, due to the variable nature of timel\and to
the types of wind turbines used, the wind fluciadi are
transformed into power fluctuations and generafigver

imbalances. In short, in terms of frequency, thadypower
in the grid cell has a positive effect due to theriia increase
but also a negative one due to the power pertuntstit

generates.

To study the voltage quality a flicker analysis, ieth
results are shown in Table 1, is performed. Comsigehat
the limit for short term flicker power (f is set to 1 by the
IEC standard [3], the results are rather poor irha cases.
These flicker levels would result in being annoyiiog the
consumers.

5. NETWORK OPERATION WITH CORRECTIVE MEASURES

Next the simulation results will be presented andlgsed
considering the different measures proposed. Sthose
taken to improve the frequency can hardly improlie t
voltage, the SVC system will be used in all casedied.

5.1. Dump load and SVC

The use of the dump load together with the SVC khou

improve respectively the frequency and the voltage¢he
network. In addition to the frequency and the vgdtastudy,
it will be discussed how the dump load will be aued
along the simulation to get an idea of how the esel of the
load would be affected.

60

% of time in range

50 50.1 502 503
Frequency [Hz]

Figure 3. Frequency histogram with the use of tmaplload and the SVC.

The results of the frequency are shown in Figur@ig

improvement with regard to the case of no correctiv

measures is very large. The frequency still godsobuhe
limits, but just for very small percentages of tinfteseems

this great improvement is that the fast and reddyivsmall
power changes are dumped by the dump load, meantiil
CHP only has to deal with the long term power clesng
which are usually quite slow and not causing bigbpgms.
Since the consumption range of the dump load is/dset
200-600 kW, the total amount of power able to beped is
400kW which means less than the 6% of the average
consumption in the simulated situation. This iseayvgood
advantage, because with a few percentage of powapithg
capability the improvement in the frequency is vieigh. In
Table 2 the mean values of the power consumptfoinen
dump load are shown,qP These values increase slightly
with the percentage of wind power penetration ie grid
cell.

In Table 2 the values of the short term flicker poyR)
are shown. For all cases the flicker levels arewehe limit
set by the standard at Pst = 1, but with the maximuind
power penetration considered (52%) the value isequibse
to the limit. Under these conditions, the additiihmore
wind power to the grid would probably lead to aningy
flicker levels.

Table 2. Impact on frequency and voltage with tbe of the dump load
and the SVC.

% of wind power| % time inside limits] P | Py[MW]
0 98.7 0.53 0.41
13 99.2 0.62 0.43
26 97.5 0.69 0.44
39 96.5 0.77 0.45
52 94.2 0.91 0.47

5.2. Kinetic energy storage systemand SVC

The kinetic energy storage system can supply osuoe
either active power or reactive power. The actioaver is
absorbed or released by a flywheel according to the
requirements set to control the frequency. Thetinempower

can be controlled by the power electronics whichnaat the
flywheel with the grid, however, in these simulaso that
task is performed by an SVC.

TSR

B8Rz

BSOS
|

% of time in range
8
7

0
49.7 50.1 50.3

50
Frequency [Hz]

Figure 4. Frequency histogram with the use of tB&SE and the SVC.

In Figure 4 the frequency histogram for differemind
power percentages penetration is illustrated.dtrsethat the

that the deviations are bigger when the wind powefréquency is quite well controlled, and stays witthie limits
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most of the time. The deviations in the case ofwiod shedding correspond to 0%, 0.71%, 1.4% and 2.1%eof
power in the grid are almost completely eliminatbdthe total consumption. Those percentages are quite | simal
histogram it is also possible to notice that thghbkr the comparison with the very noticeable improvementythe
percentage of wind power in the network is, thehbigare generate in terms of under frequencies. The impnave is
the deviations from the permitted range. Howeverijllustrated by comparing the column for 0% load diting
comparing this result with the case of no correctiveasures with the following, in which the load shedding ispdied. As
taken, the over and under frequencies are muchuatted. it could be expected, the higher the load sheddmgunt is,
The values of the percentage of time, in whichftequency the smaller is the percentage of time with undegdiencies.
is within the permitted range, and the short tetivkér  With 150kW of load shedding capability the under-
power values are presented in the Table 3. Hasepibssible frequencies are highly reduced leading the frequéncgo

to note that in all the cases of wind power peniemma below the limit for small percentages of time.

studied, the kinetic energy storage system is @bkeep the

L Table 5. Percentages of time that the load is adrde
frequency within the range of 49.9-50.1 Hz for mdnan

90% of the time. It is even reaching values as higl9%% % of wind power 50 kw 100 kw 150 kw

for the cases of no wind power in the network aBél6lof 0 71 76 77

wind power penetration. 13 72 75 78

Table 3. Impact on frequency and voltage with tbe of the KESS and 26 72 75 7

the SVC. 39 72 75 77
- ———— 52 73 75 76

% of wind power| % time inside limits P

0 99.4 0.47
13 99.2 0.55 . . o
26 96.2 0.65 To check the impact in the consumers comfort it is
39 94.7 0.74 necessary to look at the percentage of time aldmg t
5o 90'7 0.87 simulation in which the load is connected. In Tablsuch

percentages are shown. The percentage of time leach
shedding capability is connected does not changehny
rows. It can be approximated that with 50kW the load is

In terms of voltage, the improvement is very rerasitk.  consuming 72% of the time, with 100kW it is consogi
All the values of short term flicker power are hel@ne, 759 of the time, and with 150kW it is consuming 7@#the

which is the maximum permitted level. It can asIvi® time. In all the cases, there would be some impacthe
noticed that the values in this case are smaleet the values customers. The consequence of this could for saraesl

with the dump load. The reason for this could Hateel to concern the time needed for Carrying out their t@lg
the different response from the KESS and the duoagl.l \yater heaters), or slightly affect their duty cycle

While the KESS simply modify its active power exobe  (refrigerators, space heating or freezers
with the grid, the dump load changes both, activel a

. - Table 6. Impact on frequency and voltage (% tinsidia frequency limts
reactive power. Thgse reactive pF""’er changes aothem and R, respectively) with the use of different amourftéoad shedding
source of voltage disturbances which the SVC sydtamto  gnq the svC.

deal with.

) % of wind power 50 kw 100 kw 150 kw
5.3. Load shedding and SVC 0 641 065 73 068 83 070
Since the load shedding only has been set up tableto 13 65| 0.67 42 070 83 0.73
help with the under frequency problems, it is morg 26 62| 0751 71 077 79 0.79
interesting to examine the percentage of time whbee 39 62| 0.83 72/ 087 79 086
frequency drops below 49.9Hz. The possible impacthe 52 57| 0.89 67 093 74 095

consumers comfort due to the load shedding is dgmmlias
well by mean of computing the percentage of tinet the

load is connected o . .
In Table 6 it is possible to take a general viewtlod

Table 4. Underfrequency percentages with diffeaembunts of load improvements in frequency and voltage in the coomkt
shedding. discussed in this section. In terms of frequendye t
% of wind power | OkW | 50kwW | 100 kw | 150 kw improvement is not as noticeable as with the duoga lor

0 55| 17.2 11.4 41 the KESS. This is, as mentioned before, due tdabethat

13 229 16.2 98 34 the load shedding is only able to overcome problevitk

26 222 168 12 6 under frequencies and not able to react to ovejuracies.

39 219 17.2 11.7 6.4 Re_garding voltage, the S_VC manages to keep thagmlt

52 208 17.4 133 85 Iqw_te fstable and all the flicker power values agéolWw the
imit of one.

In the Table 4 the values of percentage of timevinch 6. CONCLUSION
the frequency is below 49.9Hz are shown. Casesk@éf,0 The operation of a grid cell (average load: 7 M\&parated
50kW, 100kW, 150kW of load shedding are shown. Thdrom the interconnected power system has been sedhly
average power consumption is 7MW, so the case®auf | under several different scenarios of wind powerceetage
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penetration from 0% to 52%. The grid cell is repreative task realised by this system could be done by other
for a Danish distribution system with respect to devices. For example, the power converters of the
characteristics for local CHP, wind turbines and KESS or DGI could perform the task of a SVC in a

consumption. Without introduction of any specifieasures small scale. In fact, in the datasheet for the used
simulation results unveiled that the variable lasicable to KESS model, its capability for voltage support by

cause considerable deviations in frequency (49.5-%{r) reactive power control is explained.

and very wide variations in the voltage; leadingatmoying
flicker levels (R=3.73). The normal consumption variations
in active and reactive power cannot be compenstist
enough by the local CHP. With 13% of wind powertlie
network a slightly improvement in the frequency lijya Dump load model ifPower Factory
takes place. The reason for this is the systentignercrease
with the addition of wind turbines. The higher ihertia of In Figure 5 the blocks diagram of the model is deal and
the System is, the smaller the frequency deviatimas the values used for the parameters are shown ile Tab
For improving the frequency control the use of angu
load and a kinetic energy storage system has beamieed.
Testing these devices gave very satisfactory gt the
frequency deviations were highly reduced. With 480 of Tret Pret Pu
dumping load capability the frequency is kept withimits A\ /L_I_ S
more than 94% of time, and with a 300 kW KESS niben ~ feec + At pID AP Power Time | Pis
90%. This kind of devices are very helpful for aofiing —\ -\ limits Delay
short term frequency deviations, but the long tdeviations —
have to be controlled by other means. P
The effect of different amounts of automatic loaédding
has also been considered. This operation is usaefutases
of under frequencies, and the results were quitlgdhe
under frequencies were reduced, and the frequeneygure 5. Blocks diagram of the dump load modelt fimiPower Factory.
improvement increased with increasing amount ofl Isiaed.
The possible impact on the customers was also zathligy
calculating the percentage of time the loads wob&l  Table 7. Parameter values of the dump load model.
connected.

APPENDIX

For improving the poor voltage quality, the useadbtatic Definition Parameter Value
Var Reactor (SVC) has been considered. This desiedle Frequency reference reff 1 [py]
to control the voltage in the consumers’ node elating the _PID Gain K 80
flicker problems due to its capability of controtj the PID integral constant il 0.005
reactive power very fast. PID differential [, To] [0.5, 2]

constant
Power reference & 0.4 [MW]
7.DISCUSSION Maximum power Pax 0.6 [MW]

Even though it might seem like the use of thesécdsvare Minimum power Rin 0.2 [MW]
not feasible to apply in the actual grid, due te tteed of a Time delay constant T 1.5 [s]

large amount of such devices spread along the whole
network, the application could be feasible if tlodldwing
considerations are taken into account:

. Th_ere are a _Iot of loads spread in the electrid griThe model used for the kinetic energy storage ayste
which potentially can be used as dump loads. Fofigpicted in Figure 6. That figure does not show EHB
becoming a dump load a Dynamic Grid Interfac€gnyroller which transform the frequency deviation the

(DGI) is needed, which would control the powergjgnaia, but in the Table 8 the values of its parametees a
according to requirements for frequency. The DGlghown.

could also be used in a cost-effective operating
philosophy in non isolated operation. In that ofiera
mode, the dump load would be controlled for example
to avoid the penalty fares of large power peakthén
consumption of a large factory. This could encoerag
the use of these devices.

« The kinetic energy storage systems could have two
different purposes, on one hand they could perform
the task exposed here, but nowadays they are glread
being used as Uninterrupted Power Supply (UPS).
These two possible applications of the KESS could
make their use in the electric grid suitable.

« The SVC is a quite expensive system and large scale
use would probably not be affordable. However, the

KEES model inrPower Factory
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Figure 6. Blocks diagram of the kinetic energy at@r system.in
PowerFactory.

Table 8. Parameter values of the energy storagemsysodel.

Definition Paramete Value
Frequency reference reff 1 [pu]
PID Gain K -50-10
PID integral constant iT 0.01
PID differential constant [« Tp] [0.25, 4]
Energy reference & 13.7 [MJ]
Charge-Discharge power P +20-16 [W]
Friction constant K 2.9-10
[W(s/Rad]
Efficiency n 0.94
Max. power absorption nRx 300 [kW]
Max. power supply R -300 [kW]
Max. rotational speed ¢ max 345 [Rad/s]
Min. rotational speed Wmin 188.5 [Rad/s]
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