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WHAT IS “SHORT TERM™ FORECASTING
Applications ————

Very short term A few seconds to 30  Electricity market clearing Persistence, ML
mins ahead Regulation actions
Short term O minutes to 6 hours Economic load dispatch planning Persistence, NWP, hybrid,
ahead Load increment/decrement decisions ML, statistics
Medium term 6 hours to 1 day Generator online/offline decisions NWP, hybrid, statistics
ahead Operational security in day ahead
markets
Long term 1 day to 1 week or Unit commitment decisions NWP, statistics
more ahead Reserve requirement decisions

Maintenance scheduling
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TOTAL NEM FCAS COST RECOVERY

Annual FCAS cost by service
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Power

LIMITATIONS OF AWEFS APPROACH
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WIND SPEED RANGE FOR LARGE WPP
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Measure Names

B AEMO.Enviro.Wind Speed.M/S
B Max. Ambient Wind Speed

B Min. Ambient Wind Speed

1AM 4 AM 7 AM 10 AM 1PM 4 PM 7PM 10 PM 1AM
Status At [12 July 2016]
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HOW DO AWEFS FORECASTS GET USED IN NEM DISPATCH?

Price Bids
UIGF Pre-dispatch
forecasts and PASA .
; /ﬁ (Available | Dispetch Infolite
i S, Capacity) Levels k
Wind farm ——— S AWEFS »| NEMDE »| Market Systems
1 Inputs
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g’u?:ienres Una::illable Wind Speed, Con:ttralnt
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o generate)
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Weather Forecast f‘m;) AEMO
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Dispatch Level, Semi-dispatch cap, UIGF Forecasts
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MODELLED WIND POWER PLANT

LOCATED IN SOUTH EAST NSW IN THE AUSTRALIAN
NATIONAL ELECTRICITY MARKET

21 VESTAS V90 2 MW TURBINES
21VESTAS V100 1.8 MW TURBINES
9 VESTAS V30 3 MW TURBINES
TOTAL CAPACITY OF 51 TURBINES AND 107 MW o
TOPOLOGY INCLUDES BOTH HILL TOP RIDGES & FLAT PLAINS | o

« VERTICAL DISTANCE OF 90 M BETWEEN LOWEST & HIGHEST
TURBINES
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INITIAL MODELLING APPROACH

 EXPLORATORY DATA ANALYSIS
* VARIABLE CORRELATIONS
* ML TECHNIQUE EFFECTIVENESS
* FEATURE IMPORTANCE
» MOST TECHNIQUES PERFORMED WORSE THAN PERSISTENCE FORECAST

» SINGLE GENERATOR FORECAST MODEL
* DATA FILTERED FOR WIND CONDITIONS, DATA FAILURE & CONSTRAINTS
* ANN & STOCHASTIC GRADIENT BOOSTING MODELS
 PERFORMED ABOUT THE SAME AS PERSISTENGE FORECAST



Raw SCADA
actual wind data

MODEL DEVELOPMENT PROCEDURE

Step 1: calculate
statistics & actual
results

Produce
generation
forecast

Step 2: filter
missing data, low
& high winds

Step 9: analyse
results

Step 8: apply site
condition
heuristics

Random
sample 10%
validation
dataset

Validation
dataset

v

Step 7: evaluate
ensemble model
with validation
dataset

Training dataset—>>|

Step 3: prepare
data for each
cluster

Step 4: create
model and
predictions

Step 6: create
final ensemble
model

\ 4
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Step 5: create
ensemble models
using cluster
predictions




CLUSTERED MODEL APPROACH

* TURBINES CLUSTERED BASED ON PHYSICAL LOCATION, TOPOLOGY & DYNAMIC
PARAMETERS

* CLUSTERS WERE MODELLED INDIVIDUALLY WITH STOCHASTIC GRADIENT BOOSTING
(SGB) MODELS USING FILTERED DATA

 ENSEMBLE MODEL OF GLUSTER MODEL FORECASTS USING EITHER SGB OR ANN
MODEL

 MODELS PRODUCED A RANGE OF FORECASTS UNDER DIFFERENT DYNAMIC
CONDITIONS:
* RSME IMPROVEMENT OF MIN -12.9% MAX 27.1% MEAN 10.67%
« MAE IMPROVEMENT OF MIN -7.8% MAX 18.7% MEAN 7.5%



FOREGAST ERROR DISTRIBUTION

RMSE (by Group of WTG) MAE (by Group and WTG)

Cluster Cluster
Group 1 2 3 4 D 6 7 8 9 Group 1 2 3 5

0 0

1 1

2 5

3 3

4 4

5 5

6 6

7 7

8 8

9 9

10 10

11 11
AVG(RMSE) Avg (MAE)
o180 1717 0120  3.570

CLEAN ENERGY COUNCIL— WIND INDUSTRY FORUM 2018



ANN & SGB SITE MODEL APPROACH

 REMOVED INDIVIDUAL TURBINE CLUSTERS
« MODEL FORECASTS USING EITHER SGB OR ANN MODEL

 MODELS PRODUCED A RANGE OF FORECASTS UNDER DIFFERENT DYNAMIC
CONDITIONS:

* RSME IMPROVEMENT OF MIN 7.6% MAX 19.9% MEAN 14.2%
« MAE IMPROVEMENT OF MIN 8.4% MAX 27.6% MEAN 14.6%

« SGB BETTER THAN ANN BY ABOUT 3%

 REMOVED THE POOR PERFORMANGE FOR SOME WIND DIRECTIONS THAT
OCCURRED IN THE PREVIOUS MODEL



ERROR DISTRIBUTION BY WIND DIRECTION

Number of observations by wind direction
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Wind direction angle{degre

Persistence RMSE by wind direction

“ o 0 14 0 1 a0 250 24

Wind d

Model RMSE by wind direction

“ P 0 130 140 150 160 170 180 190 200 3

Model RMSE improvement by wind direction
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GLOBAL F FACTOR DISTRIBUTION
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F FACGTOR DISTRIBUTION BY WIND DIRECTION
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Wind SCADA
control data

MODEL PRODUCTION PROCEDURE

Are model
assumptions
OK?

YES

l

Determine model
cluster forecasts

NO—>

Use persistence
forecast

Validate forecast
& modify forecast
if required

>

ecord & publish
forecast power
generation

Determine model
ensemble forecast

A
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