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EDP Groupfrom a local electricity incumbent to a global energy player with a strong presence ir
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EDP Distribuicdand EDP Inovacaq factsandfigures

EDPDistribuic&ois the EDP Group's company operating in the regulated distribution and
di ibuica supply businesses in Portugal. EDP's distribution activity is regulated byHERE&E€
IStribuicao Reguladoralos ServicogEnergéticoswhich defines the tariffs, parameters and prices for

electricity and other services Portugal.

O

Percent of the electricitgistribution Distribution network Approximate number
network owned inmainland Portugal approximate length of customers served

. ~ EDPnovacéois the innovation arm of EDP Group, promoting vaddeing innovation
ed p IﬂOVCI(;ClO within the Group by leading the adoption of new technological evolutions and practices.
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5 strategic innovation areas
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Thetransformation of the energysectoraddsnew challengego the DSOdemandingnew
strategiesfor the Distribution Power Grid, that becomesprogressivelymore intelligent.
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And to face those new challenges it will we need to increase the visibility over the LV network,
reducing the existing gap when compared with HV and M&tworks.
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The ability to collect information from different sources (internal and external, structured and
unstructured), that are mostly scattered, has a huge potential to largely improve the operationial

activitesof an utility
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In 2013EDPstarted to look at big data and advancedanalytics developing comparison
between the performance of a convention&ataBaseand Hadoop.

National Energy Consumption (with load curves) by voltage level*

Nodes Cores
System [#] [#]
BO (EDP) 4 96
Hadoop 21 42

RAM Cluster Readings Volume Processing Time
[GB] [1076] [MB] [h:min:sed
202 Local 12x6 72

157 Virtual / Cloud 96 x 6 576

*ThisProof of Concept was done in the cloud payed with a credit card and cost around $30.

Profiling +aggregation Technology Time Notes
Current architecture Oracle [ Around 8hN 4 Millionpoints
SQL witlBig Data Hive, Impala 1to 4h Inadequate
CustomizedProgramming without Big Dat Java Around 5min One machine (mukcore)
O g e e
[ Main conclusions: h
A The Hadoop cluster is by nature resilient and coped with nodes failure.
A The processing times can be greatly improved over traditiarglitecture
A There is a high need for customization
L A The choice of theool from the Hadoop ecosystem dependigghly on the type of calculations to be made. )
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With the results obtained we set up a project called PREDIS to have load and generation forec
at an disaggregated level in real time (with 15 minutes refreshment).

-
PREDIS Project Goals:

Aorecast of Electrical Load for the next 72 hours

Aorecast of disaggregated Renewable energy sources (Wind, Solar) fof

next 72 hours

\

Meal with an universe @fprox 6million points (Substations, Distribution

Transformers, LV clients,)
Aorecast update every 15 minutes

Ancorporate dynamic grid topology

.
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PREDI8eeds to:

A Connect to different data sources from EDBtribuicdo(GISScadaOracle, Sap)

Developan adequate cluster to perform all the computation (open source software, and R for analytics)

A
A Integrate the information on a data model for forecast
A

Develop the analytic and processes to compute this information in useful time

EDP Inovagéo

10



We had some steps in order to find an adequate model that allowed us to forecast loc
with good enough accuracy.

N

[ Improve the
Review of Test the model model with Define models
existing load over national additional for different
forecast models Load Explanatory times of year
variables )

\
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After having chosen the model we identified a set of explanatory variables and tested

the model over National Demand

Dataset:

Halthourly electricity measurements
National demand (mainland Portugal)
From 2006 to 201t Data for calibration
From 2012 to 2014 Data for test

To o o I

Explanatory variables:

Year, month, day

Day of week

Public holiday

Season (Springer, Summer, Autumn, Winter)
Daylight save time (TRUE, FALSE)

Time of year

Time of day(48 1/2 hour intervals)
TemperatureFromNOAAwebsite

To Do Do To To Io Io Ix
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Low temperature ~ demand peak
(2012 European cold wave due Siberian High)
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High temperature ~ demand peak
(4™ highest heat wave since 1981)
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To increase the model accuracy and looking at the major residuals, we started a trial
and error process to identify the principal causes that may decrease the model error:

lteraction
1

© 00 N o o b~ WD

EDP Inovagéo

Gong storm

Public holiday on Sunday

Variable
24h lagged load

temp. combined w. time of day

48h lagged load

day of week

public holidays

intra-day effect dependent on the day type

day of the year

24h lagged temp. + min and max temp. of last 24h

days offs before Christmas and Carnival

. August |
Christmas and New Year period
1
o
5 GC) 0,95
B8 09
P % 0,85
< g oo
_ QO '
Q
£ & 0,75
2 s
< 8 0,7
Q
IE 0,65
A4st 7nd  3rd  ath  sth gth  7th  gth  oth

Iteraction

Features added/combined
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But there were still some issues with the forecast. After special days like Christmas th
Y2RSt aK2dzZ RyQi dzaS G4KS 2R 2F 0(0KS L

puBLLap

The model should be aware of real

special days as thisone 1

After public holidays, the model 2
shouldn’tuse 24h lagged demand
variable

predicted

residuals

prsa

This lead to a new approach of using a weighted majoatgorithm

EDP Inovagéo =
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In this approach we had several algorithms that were trained to certain conditions and
the model automatically choose the one that minimized the error for each period

: Jan

One year

Iteraction
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i Spring i August i i Autumn i Dec

Carnival ' Easter
i period | period

Christmas and

—————
—----

Weekends Other public holidays V€W Year period
Variable 27
Generalpurpose model 2.6
Generalpurpose model reviewed E S 2,5
Weekends' model 3 ﬁ: 2,4
August's model %), % 2,3
Public holidays' model g =Y.
Spring and Summer's model % 2,1
Autumn and Winter's mode |f 2
Christmas and New Year's model Y2 k5 61 D 900
Iteraction

Carnival's model Models added/combined

Easter's model

We havea working Algorithm with around 2%of error for an aggregatednational load.
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In parallel we also implemented in R a wind generation forecast model based on wind
velocity + air pressure and the energy supplied by the wind farm

Test conditions:
A9 months calibration data + 1 month validation data
AHourly generation measurements and forecasts of wind velocity@ 10npaassure@MS(72h time horizon, 3h intervals)
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New challenges on loadiorecasting when we decrease the voltage level (substations
and distribution transformers)

Done so far:
A Implemented 2 Big Data Clusters (Hadoop)

Network
reconfigurations?

A Developed an architecture for the Project

A Developed a Load forecast model with ~2% MAPE for

national load August August
A Developed a Wind forecast model with ~10% error
Next Steps. Christmas and Christmas and
New year New year

A Improve the existing models
A Incorporate network configurations on the forecast module (state estimation, network 3tatt
A Cluster different types of load by voltatevel,loadtypification etc.
A Wind farms state estimation

A PVmodel definition andmplementation

A Collectdata from the sourcesystemsin acon%usway
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