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Agenda

1. Company Profile

2. VPPs and optimization of solar/ wind power forecasts

a. Inputs for forecast optimizations (real time data acquisition from
power plants, monitoring and validation)

b. Combination of power forecasts
c. Realtime forecast correction based on power plants real time data

d. Incorporating the impact of real time field events such as TSO
curtailments, park breakdowns, etc.
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Company Profile

» Founded in 2004
» Based in Oldenburg, Germany
» 180 employees

Power Forecasts FuturePowerFlow

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 O
Prediction Horizon [h]

» | eading international = Digital aggregation of power » Forward-looking congestion
provider of solar and wind assets management
power forecasts (500 GW) = Monitoring, remote-control and

» Single plants, portfolios, trading of electricity production
balancing areas, markets = Market-leading SaaS solution

IS NA S
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VPPs- Data collection
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Hundreds of different interfaces

and protocols like

Interfaces Protocols

Qg ggn OPC)éMLhD,fA\
Apache Thrift

amesa SOAP

ONROWET Webservice

E)a aelnternational Modbus-TCP

bend IEC 60870-5-104

IEC 61400-25

Standardize all data
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VPPs- Data collection

Collecting unavailabilities from different assests of portfolio
* Operator Portal
« API to software system of O&M service provider

Start Information My Plants Profile Contact logged in as: (logout) Language: DE|EN

(<)s Q ffom[ 311511?]“3[ ansny

Map Standing Data  Non-Availabilities Power Production = Schedules Power Curve  Curtailments

i Please fill in your planned and unplanned plant outages. Automated messages from external systems or manufacturers are also shown here.
Please check the messages and update them if necessary.

(g SF (3557 kw) [ +]
no non-availabilities listed yet for the time span.

€ E_DUMMY._ (3557 kw) [+]

no non-availabilities listed yet for the time spa

Create new non-availability:

From [ 3/16/17, 3:00 PM] To [ 3/16/17, 4:00 PM]
Reason l Grid or plant shut down (completely) v l
Limit to: l 0 l kw
Comment:

| l
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e.g icing is an error code at enercon machine, but a data point
at GE machine

Virtual Power Plant (client) 7.8.19 - om %

File Edit Import Export Miew Extras Window Help Debug ® 22 1146MB  08.05.201812:07:07 GMT+2  energy&meteo systems

I Trading Control Market Information Cockpit Map

® Wind park 664

Power Chart Plant Data Forecasts Logbook Planned Availabilities Remit Messages Characteristic Curve Flagger standing data changes
": W"‘: [EETi: from 23.05.2018 00:00 to 26.05.2018 00:00 Today (< > [Zoomoeut Refresh Aggregate sub-elements ff necessary  Forecast service provide
> @ Wind parl
» @ wind park Table Measurement
» % wind pa
»-: :‘”j pere rtaiment
o) v’::d f;\ 320 stimation/Live
Mind pai
a stimation/Live without outages

» % wind parl
» % Wind park mation/transformer

MSCONS status

» %@ Wind park 402 Measured availability
» % wind park alled capacity
» % wind park 4 270 talled capacity
» % Wind park 432 Powerflive

» % Wind park 454 Powerfmetering point
» % Wind park 460 Wind direction

» % wind park 4 -

» @ wind park 464
» %@ wind park 4

» % wind park 4

Schedule

Control activation
Dispatched
Forecast

» % wind park 4
» % Wind park
e

Forecast with model-spread
ind park

Gen. schedule
Productive schedule
Requested MRL
Requested SRL
Sent to plant

» % wind park 558
» ¢ wind park 560
» ¢ wind park 562
» % Wind park 568
» % Wind park 570
» % Wind park 576
» % wind park

» %@ wind park

» % wind park 648
» ¢ Wind park 650

%

Power/Live (kw)

(%) JUBWAINSEaW (UelWS|3) uSWieund

» %@ wind park
» % wind park

» % wind park 8

» % wind park

» % Wind park

» % Wind park

» % Wind parl

» %@ wind park 902
» %@ wind park

» % wind park 9

23.05. 18:00 05. 06:00 24.05.18:00 25.05.

mWin asurement @ Wind park 664:Pou
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VPPs- Data monitoring & validation: Corrupt data

Detection of blacklist and currupt data:

« Live power data exceeding installed plant's capacity
« Missing data from some turbines

« Deviation between live and meter point data

« Time shifts in live and meter point data

Virtual Power Plant (client) 7.8.25
File Edit Import Export View Extras Window Help Debug L P 285MB 12
Technical View Trading Control Market Information Cockpit Map

Plant Availability Measurement Availability Measurement Availability Chart MSCONS Availability MSCONS Assignment Blacklist Manually-Suppressed-Flag-List Forecast Evaluation

Me ement type: | Power/fLive Load Entries

Blacklist Entries Comments
Plant Me: ment type 55 From ) t Flag number

Yes

El wind pa

Wine 2 Fo e
Wind park 260 Wind park 260 Powerilive o
C 284 Wind park

Win No
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Eg. Time shifts between live and metering data

Power Chart Plant Data Forecasts Logbook Planned Awvailabilities Remit Messages Characteristic C

Flagger Standing data changes
Live mode Automatic Europe/Berlin
Apply plan E Power/metering point :
i ) PowerfLive

from 08 to 09.05. 8 06:40 Zoom out Refresh Details

Track: Aktuellste Vorhers:

=
=
[
=
o
o

08.05. 21
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1. Company Profile

2. VPPs and optimization of power forecasts

a. Inputs for forecast optimizations (real time data acquisition from
power plants, monitoring and validation)

b. Combination of power forecasts
c. Realtime forecast correction based on power plants real time data

d. Incorporating the impact of real time field events such as TSO
curtailments, park breakdowns, etc.

IS NA S
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VPPs- Combination of base power forecasts

File Import Export View Extras Window Help Debug

1479 MB  01.06.2018 09:48:30 GMT+2 &meteo systems
Technical View Trading Control Market Information Cockpit Map

Plant Availability Measurement Availability Measuremeant Availability Chart MSCONS Availability

MSCONS Assignment Blacklist Manually-Suppressed-Flag-List Prequalification Forecast Evaluation Report Power Reduction Analysis
Parameter

Parameter

Analysis Period: from 01.05.2018 00:00 B to 01.06.2018 00:00 Today Zoom out

= - Forecast senvice providers 1 (Not Active)
Portfelio: Portfolic 9798 M Measurement Type: Referance Value:

Forecast service providers 10 (Active)
Control Area: Power/SCADA Estimation Forecast service providers 2 (Not Active)
Power/metering point Measurements Forecast service providers 3 (Not Active)
PowerLive Forecast senvice providers 4 (Not Active)
Forecast service providers 5 (Not Active, Meta-Input)
Forecast service providers 6 (Not Active)
Exclude Control Activation: Forecast senvice providers 7 (Not Active, Meta-nput)

Track: Daythead v
Optimize By: RMSE

Detail Analysis
Forecast Error
Total Energy: 45622341 MWh
Mean power: 613,41 MW (FOMETEEE ET
P_inst with Forecasts: 89.65 % [%P_inst] [% Mean Power] [MW] "
Provider RMSE MAE RMSE MAE RMSE MAE Positive Balancing Power [MWh]
Measurement Availability: 97.76 %

Kombination 4 = 22,8 17.1 5 139.85 104.575 17325833
Forecast service providers 7 4 3 . 22.8 17 . 1359.804 104.541 17344945

Forecast service providers 5 29.4 21.9 180.409 134,57 14378.192

Negative Balancing Power [MWh]

60477.721
60433.295

85741.846
Manage Combination Factors

3,500

3500.28
3,000

2,500

N
=]
=]
=]

2,000

1,500

Power [MW]
o
w
=}
=}

1,000

Measurements [MW]

500

L]

0 500 1,000 1,500 2,000 2500 3,000

Forecast [MW]
05.05.18 00:00:00 12.05.18 00:00:00 19.05.18 00:00:00 26.05.18 00:00:00 02.06.18 00:0(

Forecast service providers 5 = Forecast service providers 7 == Installed Capacity = Kombination

Forecast service providers 5 Forecast service providers 7

Measurement + Kombination — Reference
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VPPs- Forecast Combination
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VPPs- Very short term forecast (up to 1 hour)

i Power

= Updates based on live
measurements have an
impact on short-term :
- > — hase forecast
forecast! now Time

— measurement

latest
short-term forecast

l .
Power ___ previous

short-term forecast
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VPPs- Very short term forecast (up to 1 hour)

Error (N)MAE

0.0 0.2

0.4 0.6
Prediction Horizon

IS NA S
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« Incorporating the impact of real time events at field ( TSO

curtailment, planned maintanence, etc.)

Technical view [EERICYTR Control

wind park 1
wind park 1

Wind park 1
Wind park 1

wind park 1504
Wind park 1510
Wind park 1516
wind park 154

Market Information Analy; Cockpit

# Wind park 1548

Power Chart Plant Data Logbook Planned Availabilities

Live mode Automatic

5.201800:00 | @ to 26.05.2018 00:00 | &

@) Wind park 1548

ve

ring point 3834

wind power plant 1556
wind power plant 15
wind power plant 1566
wind power plant 15
wind power plant 15
wind power plant 1578
wind power plant 15
wind power plant 1584
wind power plant 15¢
wind power
wind power plant 1534
wind power plant 1600

wind park 1550

wind park 1

wind park 1690

Wind park 1
Wind park 1
Wind parkc 1
Wind park 1
Wind park 1

wind park 194
k19

wind park
wind park

Power [MwW]

Difference Measurement - Schedule

Remit Messages Measurements

Power/SCADA
Power/metering point
PowerfLive

om out Refresh

Flagger standing data changes Forecasts

Details

aracteristic Curve

Europe/Beriin

2 choosen
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Thank you for your attention

Contact: varun.gaur@energymeteo.de
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