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1. Introduction

Today thepower grid in the United Kingdom is stirring towards renewable energies with an idea of
decarbonizing the electricity sector. To reduce the dependency on fossil fuel and to fight against the
climate change, which is the most pressing issue at thenemd, Great Britain has a rigorous carbon

reduction target. Low carbon sources and renewable energies sources are already deployed across

the nation. On 21 April 2017, Great Britain power system experienced its firsh@dr period

without coalfired power gemration unit since the 1880s. With a deployment of more than 700

offshore turbines, Great Britain leads the world in offshore wind. The system recorded a generation

of 35.7% of total British electricity demafidm wind in March 2018 when the national deméwas

858GWh. The same year in May, solar energy provided a rdwesking 8.7 GW which
O2NNBalLRYyRSR (G2 Hnodox: 2F DNBIFG . NARIGFIAYQa RSYLl YF

reduction target of reducing the carbon emission by 57% on 1990 levels.

Foreseeable the conventional synchronous generation units are replaced by fluctuating and power
electronic/inverter based renewable energy systems. This fundamental change in the power system
introduces stress to the total energy potilereby affecting the generatiorconsumption energy
balance system. Decommissioning of conventional synchronous generators and replacing them with
systems like photovoltaic system or wind turbine which provides minimum or no system inertia,
influence the frequency stability ofhe system during the occurrence of sudden transient
disturbance. This brings up the challenge of low system inertia which makes frequency more
vulnerable and increases the risk of frequency changes with high rate of change of frequency
(RoCol: To cope ith this problem a faster and locsdid frequency response service will be required
which will reducephase angle differencbetween the region®f a power system and also asssre
GKFG GKS FNBIljdzSyoOe R2SayQi 32 0Seg@iyidy fragkeBey y 2 NIV |- §

service and governor actions provides full response.

Enhanced Frequency Control CapabilfCTis a project by National Grid UK that aims to develop
and investigatea new innovative monitoring and control system for fashd local frequency
response service in connection wighWide Area Measurement Systeri&/AMS from established
distributed generation sources like photovoltaic system, wind energy converters, desmdad

management and combined cycle gas turbi(@€G)

This reportevaluates the performance of a gratnnected centralized inverter type PV plant under
the EFCC controhonitoring scheme and highlights the benefits, advantages as well as drawbacks/

limitations which may impede its working in the future.
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2. Asset / Resource / Service background Information

To provide localized frequency response from a photovoltaic power plant under the EFCC stheme,
3.7814 M\, pcsolarPVpower plantbuilt by Belectric in 201d4ndowned byToucan Energys used;

the Rainbows Solar FRarmwhich is located at Willersey, Gloucestershire, United Kingdom

It is a centralized architecture type PV plant. A centralized architecture type PV plant uses either a
single inverter for the whole system one for each sub section, depending on the size of the solar
PV plant.This is the most common type of architecture forg@scale commercial and utilitycale

solar PV projects in Britain. Due to tlenall number offinverter hardware in thecentralized
architecture typesystem, compared with string architecture type systententralized architecture

type PV planprovides easier access for plant monitoring and inverter con&nolaerial view of the

Rainbows solar PV plant used under the EFCC scheme is shbigurel.

| Inverter: 4x SMA Sunny Central 800CP XT 880 kW,
Transformer: 2x 1,600 kVA

{ Modules: 40,880x First Solar 392/ 92.5 Wp
Fenced Area: 9.16 ha

Figurel: The RainbowsolarPVpower plant in Willersey, UK
This plant is tied to the 11 kV distribution grid Western Power Distribution (WPEjrough two

1,600 kVA transformer®©(@6 kV/11 kV).The primary side of each transformer is connectedwo
inverters(SMA Sunny Central 800CP)Xiiith a nominal power of 880 kW.

The PV plant is divided into four blocks andtatal consists of 40,880 First Solar 92\Mp PV

Modules. Figure 2 illustratesxemplarythe electrical layout of the Rainbows PV plant.

1sMA Sunny Centr8D0CP XT www.sma.de/en/products/solarinverters/sunagentrat800cpxt-850cpxt-
900cpxt.html
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http://www.sma.de/en/products/solarinverters/sunny-central-800cp-xt-850cp-xt-900cp-xt.html
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Rainbows grid connection
. —>
point- 11kV GCP
| |
2x 3¢ Transformer
Nom. Capacity— 1600 kVA >
-
4 x Inverters 3 ~ ~
SMA SunnyCentral 800CP XT -
NV 1.1 = Jinwviz vz
|
( | | | |
Plant System Ratmg PV Block 1 PV Block 2 PV Block 3 PV Block 4
— | (VAR TR "l U
3.7814 MWp_DC 0.93MWp 094 MWp 0.95MWp 0.9aMWp

\ Plant System Rating- 3.78 MWp-DC

Figure 2:Single Line DiagramRainbows PV Power Plant

To provide fast frequency response each of the four inveiitedirectly controlled by the BELECTRIC
Hybrid Controller though a LANcable connection withan established communication protocol,
MODBUS TCRhich is the standard communication protocol in PV power plants between the energy

management system and the inverters today.

(

>
>
>
»

LLdIND - Jejewouelid

N —

\

a|npoyy ainjesedwa |
Juslquy ainjesedwa |

a|qeasnq qizry

31e8 aaua) snieis
Ajddns samod umo sjeusis

JUSWINSEIL JUBNI-DY
JUsWalnseaw age)oA-)y

[03U0] JaLBAU] S[eusSiS
JUBWIAINSE3W JUBLINI-)Q
juswaInseaw age)on-a

21doq Aeja1 uonpajoud sjeusis
juawiaInseaw uondwnsuod UMQ

S e e ]
LAN Cable

Figure 3: Communication setp and connecteccomponents on a solar PV farm

On this LAMable connectionexemplary shown in Figure §arting from the communication box of

a solar PV farm, are several recipients and senders of data and infornveltich are neededo
monitor and control the solar Pirm. These includetemperature sensafor ambient temperature
temperaturesensorsof each single module, irradiance data from the few pyranonetBC voltage

and current data from the modules, AC current and voltage data from the inverters, own
consumption measurementiata, signals from the protection relays aatbothe status of the fence

gate for example This is the standard set up of a commercial large scale solar PVwidnm

10
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centralised converter technologp maximise energy output. The stanndaJK solar PV farm was not
planed and built to provide fast frequency response in the first place. Thatalaady some

implications on the outcome of the test amdals.

To adapt and improve the Rainbows solar PV farm to provide fast frequency sevittieshe EFCC
scheme, new control and measurement equipment was installed and implemented. This includes
sensitive measuring modules, new control hardware and logic, as well as acalogtabased solar

PV forecasting system. Figutshows the commuition setup which is now implemented between

the measuring system, the GE Local Controller, the BELECTRIC Hybrid Controller and the PV inverters
at the PV plant in Willersey. Between the Hybrid Controller and the Local Controller exists a constant
exchang of fundamental information (shown in the right panel of Figdrand in more detail in

Table 1).

2 O B Local ~N
- EAG =) - R [~
——————— ? trow |
GCP // -----------
e : 2 @) e

2f © ol
A /
Belectric I f t[s]
Hybrid Conti\ 7;\ /E
G 5 |
(@) 8P ox3 : :

tresp trons

Negative Response
with PV

1 IEEE C37.118 (PMU Portal)
G |EC 61850 GOOSE (MMS) (Resource Availablity)
e |EC 61850 GOOSE
¢emmssss——) Modbus TCP/IP

Figure4: Communication Scheme

The phasor measurement un{®MU), which is deployed at the grid connecting poif@CR,
measures the regional frequendje voltage and its phasor angleBheinstalledRA331 Modulg in
combination with current and voltage transducerseasures also the power output at the grid

connecting point.

A frequency event is detected by the GE &lo€ontroller when the local RoCoF exceeds the
configurable RoCoF event detection threshold. The default RoCoF event detection threshold is set to
be +0.1 Hz/s. This setting was chosen specifically foEf@Testing scenario to trigger and respond

to areal system event. Alternative settings can be implemented in accordance with the required

sensitivity.This was also used in the solar PV tests.

Once the frequency reaches the threshold of 49.7/50.2 Hz, the GE Local Controller sends the positive
or negatve power request to the BELECTRIC Hybrid Controller through established GOOSE
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communication. This power request is processed by the BELECTRIC Hybrid Controller and divided
amongst the inverters in proportion with the individual power production at thatetilAs a result,

the inverter changes its working point and provides the balancing power.

Asolart + a2adsSyQa LRoSNI I @FrAflroAfAGe Aa y20 O2yadtl
power request must therefore be in accordance with the PV systersgonse capability. The PV
system running under EFCC scheme sends its quantified availability through eight parameters which

are listed in table 1An Exemplary screenshot of the transferred values can be seen in Bigure

SNO. PARAMETERS

1 Positivepower availability for AP W] Positive Response

next 15 minutes [kW] with PV
2 Negative power availability for f;";; e too / :

next 15 minutes [kW] O LU ---i---: Q) A -;gi -----------
3  Positive response time [s] o :
4 Negative response time [s] @: \
5 Power ramp up rate [kW/s] 0 \ /_
6 Power ramp down rate [kW/s] &
7  Positive power hold tim¢s] @) BPass s P ln.m N ______
8 Negative power hold time [s] < < '

:Ttg';lag;e Response

Table 1: Quantified power availability sent by PV resource running under EFCC control scheme

To provide the available power for the whole duration of the power hold timeestimation of
positive and negative power availability by the resource for the next 15 minute is done by a short
term solar PV power forecasting system. The Hybrid Controller sends a 15 minute forecasted
available positive and negative power along witle tiesponse time, ramp rate and power hold time

to the GE Local Controller via the established GOOSE communication protocol.

lacRsre State ]

Narme | Value

FR loch srcState
resouicel ppe 2
Aovailability |
postvailablePower 296.725
.negéyailablePower 290175
posPowerResponzeTime A00
negPoweiResponseTime 500
.powwerH amplpH ate 8000
powerR ampD ownR ate 2000
.posPowertdaxD uration 900
hegPoweiMaxD uration a00

Figure5: Example of the power availability status sent to the GE Local Controller.
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Ay QME 4 Sa

availability every time the frequency crosses of the thresholds given in table Z'his continues

until the RoCoF stops increasing. After this, the power estus sustained for the time until the

frequency is restored, followed by a $8cond ramp down.

The system also has a failsafe mode for slofneyuencyevents. The event is detected, and a power

request is sed as the frequency reaches 49.7/50.2 Hz.

Power

Sustained power once the
RoCoF stops increasing

Subsequent power
requests as —»
frequency deviates

Event Detection

triggered \

J_l

Slow 10 sec ramp down cnce

/ the frequency is restored.

SNO.

g A W N P

=-=men-==10 SEC--=mm----

t

Figure6: Nature of the power request from the GE Local Controller

OVER
FREQUENCY
THRESHOLD

50.2 Hz
50.3 Hz
50.4 Hz
50.5 Hz
50.6 Hz

NEGATIVE POWER
REQUESTED

20% ofavailable power
40% ofavailable power
60% ofavailable power
80% ofavailable power
100% ofavailable power

UNDER
FREQUENCY
THRESHOLD

49.7 Hz
49.5 Hz
49.3 Hz
49.1 Hz
48.9 Hz

NEGATIVE POWER
REQUESTED

20% ofavailable power
40% ofavailable power
60% ofavailable power
80% ofavailable power
100% ofavailable power

Table 2: Frequency thresholds for GE Ld@ahtroller power request

To expedite the EFCC testing for PV stand alone trials, a simulation tool by GE {sthesétMU

Simulator. This allowkestingthe system at any time without waiting for a real frequgnevent to

occur in the GB network. The PMU simulator (hereby referenced as the Grid Simulator (G.S)) is a

substitutefor real system events as it injects simulated frequency data with predefined RoCoF values

and frequency nadfiiin the GE Local Controller

Based on these simulated data, the GE Local Controller gives the power requests to the BELECTRIC

Hybrid Controller according to the PV resource availability, nature and the magnitude of the

2 Frequency nadir lowest or highest value of thieequency after a frequency event.

(O
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simulated frequency event. Over and under frequency events ¢hatbe simulated by the GE PMU

Simulator are shown in the table 3.

Local
Controller

Belectric

Hybrid Controller
v

1 |IEEE C37.118 (PMU Portal)
GEENC D |EC 61850 GOOSE (MMS) (Resource Availablity)

o |EC 61850 GOOSE
4amessssssd Modbus TCP/IP

Figure 7. Communication setup- PMU Simulator. The simulator replaces the data input of the grid
connected measurement system during some of the testintulates EFCC relevant frequency events to test
and trial the connected equipment. The PMU still measures the power output of the solar PV farm.

SNO.  SIMULATED UNDER FBERCY EVENT  SIMULATED OVER FREIQUY EVEN

1 0.15Hz/s ramp down to 49.65 Hz 0.15Hz/s ramp up to 50.25 Hz
2 0.15Hz/s ramp down to 49.45 Hz 0.15Hz/s ramp up to 50.35 Hz
3 0.15Hz/s ramp down to 49.25 Hz 0.15Hz/s ramp up to 50.45 Hz
4 0.15Hz/s ramp down to 49.05 Hz 0.15Hz/s ramp up to 50.55 Hz
5 0.15Hz/s ramp down to 48.86z 0.15Hz/s ramp up to 50.65 Hz

Table 3: PMU Simulator, Simulated event list

m !
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3. PowerForecasting andReferenceMaximum Power Point

As seen in table 1, thgrid-connectedresource sends the positive and negative power availability to
the Local Controllewhose higheilevel control systemgenerates the resource availability portfolio
for multiple local controllers of different resources within a regidine BelectricHybrid Controller

sends a 15 minute forecasted available positive and negative power to the GE Local Controller

3.1 steadyEye sky imager camera

To quantify the next 15 minutes of availability from the PV resqufue PV plant was additionally
equipped with asteadyEye sky imager cam&mshich assesses the cloud movement and estimates
the global horizontal irradiancéGHI)available in the next 15 minuteSuch hardware is noyet
widely usedin a utility scale PV plasbut was specifically deployed on siter filne EFCC control
scheme.lt is a maturing technology that can be implemented in new and existing solar PV power

plants.

Theinstalled steadyEyesky imagercamera gives 15 minute forecasted GHI probability \aftemm

p10 to p90. To prevent regular ovegstimation of theforecasted powerp40 values were used in the
power forecasting model That means that the probability of the real power exceeding the
forecastedpower is 4 in 10An overestimatiorwould result in a wrongfully high available power
whichthe solar PV farm would not be able to deliver in case of a power request by the EFCC system.

Aslightyet constantunderestimation is therefore preferred.

3.2 Rainbows solar PV farm Matlab PV Model

Since the panels in the Rainbows PV plant at Willersey are tilted on an angle of 20° facing south, the
forecastedp40 GHI values are converted to Plane of Array (RODAiltSouth) by a sophisticated
model and then given to the BELECTRIWirse MATLAB FModel which uses real time simulation

and hardwarein-the-loop approach to simulate the behaviour of the Rainbows PV Power Plant. For
calculating the 15 minutéorecasted poweiavailabilityof the Rainbows PV farm this model gathers

real time data fromthe installed sensor box which provides environmental inputs like PV cell
temperature, Inverter temperaturgandthe irradiance value [W/rf] measuredby the pyranometes.

The modelthen calculates the powem kW, generated by each simulated inverteperding at its

maximum power point (MPRvhen exposed to an irradiance valugra/.

3 steadyEye sky imager camersteadysun.com/wpcontent/uploads/FicheSteadyEye&A\4-EN.pdf
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This PV model was used to evaluate the following parameters:

1. Reference MPP power
A certain percentage of invertaurtailingis important,wheneverthe capabilityto provide
both positive and negative power responiserequired This is done by continuously writing
the new reduced working point at the power register of the inverter hardware. To make sure
that the hardware always keeps a positive power availabilite.gf 20%, the inverter is
forced to reduce its power by 20% from its MPP value. In order to curtail the output power,
the BELECTRIC Hyl@imhtroller needs toknow the MPP power (Reference MPP power) of
the inverter even if the inverter is curtailed and nmoinning atMPP. The MATLAB PV Model
which simulates the behaviour of each invertés used to calculate the theoretical MPP
reference power for each inverter. This evaluated power Wes used towrite the new
reduced working poininto the registerto reduce the inverter poweputput by 20% from
this MPP power.

2. Short term PV power forecast
To evaluate the 15 minute forecasted PV powgailability the same PV Model was given
the irradiance input from lhe steadyEye sky imager camefde 15 minute forecasted GHI
values were converted into POA and given to the PV model to get an estimation of short

term 15 minute forecasted poweavailabilityfrom the PV plant in Willersey.

3.3 Evaluation of combined forecast by sky camera and PV model

The sky imager camera PV model setip was tested over the duration of several monthighe
results were quite unfavourable. Upon further investigatitre inK 2 dza S t + a2 RSt Qa
evaluation was found to have a high accuracy wihieeaccuracyf the steadyEye sky imager camera
wasinsufficient for this applicationAs a resultthe evaluated 15 minute forecastdeVpower by the
in-house MATLAB PV model was unacceptahthad a high margin of error with the data given by
the sky image(SeeAppendix: Accuracy test results for sky imager canagr@in-house PV model).

Therefore the sky imager was deactivated and replaced by an underestimating statistreahst
model for the 15 minute forecasi{see chapter 3.4) This modelobserves the inverters power
fluctuationsin the pastand assigns a weight to the lowest measured inverter power depending upon
the magnitude of the observed fluctuation§he MPP was thereafter provided by a reference

inverter.

As mentionedthe PV modeltself wasfound to beaccurateand effectivein simulating the MPP of
the inverterswhen given actual irradiance data by the pyranometgrsor margin of <5%see for

exampleHgure 8; seealsoAppendix: Accuracy test results forfibuse PV modgl
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Figure8: Exemplary evaluation of the accuracy of the Rainbows solar PV farm output, calculated by the PV
Model vs. the actual measured solar PV farm outpusudden changes in the irradiation by e.g. cloud
movement lead to short reductions in accuracygkmeral, the accuracy of the Rainbows solar PV farm Model
was found to be above 95%.

Nevertheless, e PV Modelrunning in the background wasventually alsodeactivated after
evaluating the first results of theurtailment tessto reduce the system latency tinie the given set
up (further discussed irsection 6.1, suksection C) The MPP was thereafteprovided by an un-

curtailedreference inverter.

Using one of the inverters as a reference inverter for MPP tracking for betlPY model as well as
for the forecast modefeduces reaction and cyel time within the control logicinverter 2.1was
configured to runconstantlyat MPP.The measured data from this inverter is used within the control

logic aghe MPPreference point

This approach improved data quality, reduced complexity and, even more importandgiuiced the
reaction time tremendously. On the other hand, this solution subsequently reduces the total
response capability of the solar PV farm by #mount of the pasibleresponse power of this MPP

fixed reference inverter.

3.4 Evaluation of the u nderestimating s tatistical forecast model
Theunderestimating statisticdlorecastmodel that was subsequently implemented into the control
logicfor the 15 minute forecascan be very accurate for given weightvariables.The main purpose
of the forecast model is to forecast the availaplesitive and negativpower for the next 15 minutes

at each given moment.

m )
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It is designed to underestimaffuture irradianceto reducethe amount of cases in which a sudden
drop in irradiation reduces the available power below the expected available power by the LC. The
triggering of a power request in such circumstances could lead to an insufficient answer by the PV

power plant.

forecasted power vs. actual pv inverter power - week 3
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Figue 9: Real pwer output (blue graph) vs. forecasted power output (oranggraph) for irradiance data of
one week in April 2018 at the Rainbows solar PV farm.

Figure9 shows the accuracy of the implemented model with the given weight vector for the power
and irradiance data for an exemplary week in April 2018. The blue line represents the actual power
output by one inverter of the Rainbows solar farm. The orange lineesgmts the calculated power

by the forecast model.

The model is fairly accurate for different weather situations. Ragnd 4in Figure9 were quite

cloudy for examplavith a constantly changing irradian@nd power output, contrary to the sunny
daysfand 6¢ KS Y2RSf R2SayQid FT2NBOFraid G2 wmnmr: 27F | O
sudden changes in irradianc&he confidence level limits the max. power forecast and therefore

constantly underestimates.

m }
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00 mean positive vs. negative power differences per forecast - week 3
I I [ I I I T I [ | | I

500 [— —

400 [— -

d | A R
| \ | \ *
*WMU » ;/ Ir ﬂﬁJw‘pq«h\r% N ‘ﬂ | ,/ \\ ) \\, / WN “ﬁ

1 | | 1 | | | | | 1 | | 1 | | | | | 1 | | 1 | | | |
-200

06:00 12:00 18:00 00:00 06:00 1200 18:00 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 0000 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00
daytime [hh:mm)

——— meanPasDiff Power [kW) SNo1 BulSmin FCast Smin
——— meanNegDiffPower [kW] SNa1 BufSmin FCasti Smin

Figure10: Mean positive and negative powedifferences of the forecast modelThe blue graph shows the

mean magnitude of the underestimation. Smaller magnitudes are preferred but underestimation happens
constantly due to the confidence level. Negative differences are shownainge. Here it isneferred to have

them never at all to prevent sending a false value to the LC that cannot be accomplished in case of a power
request.

The more unstable the weathesituation the larger ithe amount of errorgproduced by the model

as shown in Figurg0. The LC calculates the powequestbased on the power availability estimated

by thisforecast.The orange bars indicate a second in which the forecasted power was larger than the

F Oldzk £ LI oSNJ 2dzii Lddzi Ay GKA& Y2YSvledo reagtwiinkufa S a S«
powerto a power request by the Li@ case of an event.

The blue line in Figur&O is the difference to the actual available power. Due to the use of an

underestimating model the power availability is below the actual power outpast of the times.

It can also be seen that at the end of each day the forecast nredellarlyproduces an error as it

predictsalarger power output ass actually produced as the sugets

Important is also thenaximummagnitude of the errors made by the modeharge power differences
are undesirableSmall differences are preferred so that even in the case of a wrong forecast value a
significant amount of the power request can still be fulfill§this can exemplary bevaluated in

Figurell. The model waderebytested with several weighted vectors and forecast and buffer times.

m }
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Figurell: Maximum negative power differencdistogramper forecast for several weight vectors for a buffer
time of 5 min and forecasturation of 15 min. Data base is one week in A20iL8

In the histogramin Figurell, the amount of forecastwith different weighted vectors (Set Number
1-7 (SN0 1-7)) is presented over its mamum and mean values. The amount of forecasts is
normalized into a probability value. The probability includes the time for a whole week dathset
one inverter with 880 kW,available powerFor example:100kW with Q001 probability means the
probability d an overestimated forecast with a 100N negative peak differende its forecast time,
respectively to the actual inverter output during the forecast time, is likely to happeri¥h of the
gK2t S 6SS1 & pmiohsan noosénshdg iba pever forecast could be requested in any

of its time steps.

In Figurell is an exemplary stair chahistogramof one week of data for several weighted vectors
(SNo1-7) for 5 min buffer time and 15 min forecast time. It can be seen that the majority of errors
has a magnitude below 50 kW. A power request in these situations by the LC would therefore result
in just a small difference in the delivered power by the &vhf On the other hand therare a few

incidents with differences up to 430 k\W#hich is undesirable

Other buffer and forecast times will result in different magnitudes with e.g. alpggcentageof

max. power differencebetween 100 kW an80 kW and max. magnitude of errors above 500 kW.

However, it does not consider the exact day or daytime, when the risk of a high difference is the
biggest. This can be better seen in the overview pldtee model has several variables that can be
changed according tthe objective that needs to be optimised. This can either be to maximise the
power output of the power plant in case of an event; a l@ngorecasting time to evaluate future

system behaviour by e.g. the TSO or DSO; or to minimise the error roatbi error magnitude

:
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In general, it can be said that

f smallerdatabase/ buffer time* decreases accuracy

1 longer forecast duration decreases accuracy

1 the more accurate the forecast shall be, the less power aVailalsignalled to the LC
1 long forecast duration decreasesaximumpower availability

Most of these points aralictated by thenature of forecastsThese pointswere verifiedin an

extensive data analysigith different weight vectors and the irradiance data of several weeks

Figurel2: Accuracy magor the weighted vectorSNb 1 that is used in the forecast model of the EFFC project
for several buffer times and different forecast duratioidue indicates a high accuracy, red a low accuracy.
Data base is one week in April 2018

Figurel2 is the accuracy map for the weight vect®No lthat is used in the current setup. It has an
I OOdz2N> O& 2F Fym: F2NJ p YAYy o0dzZFFSNJ GAYS YR wmp

availability value that is send to the LC in 84% cofficrcall seconds of the next 15 min.

AsHgure 12 shows, the accuracy varies widely for the different variations of forecast duration time
and buffer timeg from 98% accuracy down 0% accuracyThe analysi®f larger data setalso

showed weeks of only8% accuracy fahe 60 min forecas{see Figure 4).

By changing the amount of time and data in which the forecast gives an estimate of the fotuest
irradiance value the implemented forecast model could effectively becbrgers™s | OOdzNI G S F2 N

values or even 98% accurate for 5 min forecagigena 60 min buffer time

* The buffer time is the timeframe from which we analyse the data of the past.

.


































































































































































