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Las ciudades como motor del cambio de modelo energético

Ciudad, Energia y Big Data
Lianos Mora. Universidad de Mdlaga
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Cyber Security Assessment
Market/Trading

Financial and Market

Prosumers

SCADA

Power Quality and Waveforms

Some
Senior Data

,apacity
Physical Models

AMI, Demand Response

Asset Monitoring

Customer Behavior
Event Analysis
Market Trading

Consumption

Volume Velocity Variety

Power systems big data analytics: An assessment of paradigm shift barriers and prospects
H.A. Hejazi, H. Mohsenian-Rad. Energy Reports, 4 (2018)
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Internet de las cosas (loT):
Anything medida y control*

Any Device

H i

Anytime
Any Context

The

INTERNET
'THINGS Jm

Any Business

Anywhere

Any Path
Any Network

D eoe

Fuente: Alber Bifet. Telecom ParisTech. Université Paris-Saclay

2020 dispositivos conectados
a infernet:

Gartner: 20.8 billones
IDC projects 32 billones
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Big Data - loT

10T ANALYTICS

loT Segment

Insights that empower you to understand loT markets

Global share of loT projects! Details

Smart City
Connected Industry
Connected Building

Connected Car

Smart Energy

Other

Connected Health
Smart Supply Chain
Smart Agriculture

Smart Retail

Source: [oT Analytics, Jan 2018

Americas Europe

N = 1,600 global, publicly
“““ announced loT projects |
M Americas [ Europe Il APAC ~ MEA

1.Based on 1,600 publicly known enterprise loT projects (Not including consumer loT projects e.g., Wearables, Smart Home). 2.Trend based on comparison with % of projects in the 2016 loT Analytics
Enterprise loT Projects List. A downward arrow means the relative share of all projects has declined, not the overall number of projects 3. Not including Consumer Smart Home Solutions. Source: loT
Analytics 2018 Global overview of 1,600 enterprise loT use cases (Jan 2018)

APAC Trend?
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Traditional Grid Smart Grid (end state)

SMART GRIDS
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Smart appliances
SMART GRID Demand management
A vision for the future - 8 network Can Shut o In response iy UN0 600 b chifnd o o5
of integrated microgrids that can

monitor and heal itsell,

Fuente: @Snapshot of Global PV Markets — IEA PVPS
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Dias

. . ay Préxima
Porhoras | Mésinfo | Findesemana [ semana ”

Hoy Man Mar Mié Jue Vie Sab

15Jul 16 Jul 17 Jul 18 Jul 19 Jul 20 Jul 21 Jul
obde S0 S S g
precip. 0% 0% 0% 0% 0% 0% 0%

Nubes g) (/Z) g) (/Z) {/‘) (Z‘) @

0% 0% 0% 0% 0% 0% 10%

Radiacién ‘J “ ‘ ‘4 “
w Muy alta Muy alta Muy alta Muy alta Muy alta

Prob.

Tormenta . 0% 0% 0% 0% 0% 0%

www.elfiempo.es
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NY: ley local 84, 2011 (LL84)
Edificios >50.000 ft2 informar sobre sus consumos . Datos de mds de 15.000

edificios
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Random FocestMassive online learning

Decision Trees Massive online Iearnmo

1SI0

Neural Network

D‘I supervisado
est l :
__ =

clusty (
qlus 0
Neural NetworT™ - Neural Ne ‘;..n
Decision Trees

msDeusmn re

Random Forest Imfw s Nl Network

F mdum fu est t .
Decnsuon Trees bec
| WS )( Sd R
Superwsado a n

k-means

h means

Neural Network http://wordart.com

Knowledge Discovery in Databases — Data mining
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Extraction Integration
=p Acquisition / / Analysis
/ =p| Cleaning =p| Aggregation mp / Interpretation =p
—p Recording / / Modeling
Annotation Representation
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Overall System/

The Computing Community Consortium Big Data Whitepaper (2012).
(http://www.cra.org/ccc/files/docs/init/bigdatawhitepaper.pdf)

HDFS, MapReduce and Spark RDD
Hive, Spark SQL, DataFrames and GraphFrames
Machine Learning at Scale. Real-Time Streaming
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Lisa Simpson Estudiante Curiosa Rubio
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Objetivos:

Evaluar niveles de eficiencia energética o ==
escala de ciudad, para definir rendimientos de referencm e
identificar oportunidades para reducir el consumo de energia

Atributos:
« Caracteristicas del edificio; famano, tipo de construccion,
ano de construccion,...
« Uso de energia: calefaccion, AACC, iluminacion,

Metodologia:
Los edificios se comparan con sus “pares” locales (no con un
edificio de referencia) -> nivel maximo de potencia de eficiencia
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Benchmarking -> una sélo caracteristica
Clustering: Dominio multidimensional

Feature

Area
Percent heated
Percent cooled
Wall matenals
Roof matenals
Window materials
Window percent

. . . Shape
Energy efficient ro i o oo

EU lrecﬂ/EU Rcerﬁroide Construction year
(Energy Use Intensity) ° w°* Weekly operation hours
Occupants

Heating unit

Cooling unit

VAV

E Economizer
° <: Refrigerators
. Number of servers

. Office equipment
HDD
CDD

benchrharking clustering

A new methodology for building energy performance benchmarking: An approach based on intelligent clustering algorithm. X.
Gao, A. Malkawi. Dpto. Architecture, University of Pensylvania, Philadelphia, USA. Energy and Buildings, 84, 2014.
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Clustering (k-means): 13.700 edificios residenciales.
Objetivo: encontrar edificios con baja eficiencia energética, patrones de consumo
Energy Use Intensity (EUl) (kWh/m?2), PropertyEUI(PEUI), Heating Use Intensity (HUI)

Building Cluster Center EUI [kWh/m2a]
Case N - -
Category Initial Final
1 3879 147 156
2 2868 209 184
3 336 312 260
4 591 15 65
Residential 5 58 394 317
buildings 6 1525 260 216
7 12 472 406
8 3129 104 130
9 4 554 507
10 1271 61 102

Cluster 4 menor HUI, menor calefaccion, mayor PEUI
Clusters 3, 5y 7: baja eficiencia en calefaccion, alto HUI

Big Data Analytics of City Wide Building Energy Declarations. Yixiao Ma. Stockholm, 2014. Industrial
Ecology. Royal Institute of Technology.
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Arboles de decisién

Energy efficiency and transport methods decision tree

This document i designed 10 provide o high el susmiry of tha energy éfcency ind trampart
methods avakatie to 355kt you to identity methods which may te suRable for your geoject.

1 s compimuntary 1o the Carbun Crealts (Carban Farming Milistie) Act 2013, the assedisted
Nagistathon rulis, apzecved mathods and thei explanatery statemints, 2t dous not
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STC means Small-scale Technology Certficate
CAl Rude means » under Act 2011

ies (Covben
NABERS means that Natioral Australian Bult Eniroament Rabing System

‘Wil the activities be

Note: o number of activities may be eligible
10 use more than ane method. You should
carefully review the avallable methads to
determine which ane is best suited to your

undertaken st 3 propased actinty. in this review,
“transport facifity” a5 consideratian could include the rumber of
mwm' sites an activity would be undertaken (n,
Regulations 1.03 and and the number of activilies to be
2197 undertoken ot eoch site.

You may be
eligile to run a
U s

may be
elgible to runa
transport - land

Australian Government. Clean Energy Regulator.

Wil the
acthities be
wndertaken at a
" fadlity that
reparts under
the NGER Act?

e |

Would you prefer to use
deemed / prescribed
energy use factars or

ongong messurement to
calculate abatement?

Wil the activities be
undertaken st an
aggregated facility
or s transport
faclity as defined by
NGER Regulations
425and 2197

Is your activity being
undertaken in an
office, hotel or
shopping centre that
Is eligile to receive
2 NABERS rating?

Yo mary

elighble to run a

You may be
ties project

You may be
eligile to run an
industrial
electricity and fuel

efficiency project

an office, hotel ar
shopping centre
that s eligible to
recene 3 NABERS
rating?

effciency project

Industrial

electricity and fuel

efficiency project

Are you upgrading or installing aery of the following
tems: isd and i ol ai i
Refrigerated display cabinets
Close control air conditioners
tiquid chilling packages
Lights and lighting systems, or
Refrigeration and ventilation fans

You may be

eligible to run &
commercial and
public lighting

Vo may be eligibe
toruna high
effic
applances

project

Do you intend to sl
claim funding for the
same activity under the
Renewabie Energy
Target, the NSW Energy
Sevings Scheme, the.
Victarian Energy
Efficiency Target, the
South Australian Retailer
Energy Efficiency Scheme
or the ACT Energy
Efficiency improvement
Scheme?

Do you have access.
to the energy
consumption dats
for a large number
of small energy
users?

Hate: the high efficiency
commercial appiances method
and the high efficiency fans
sub-method (in the refrigeratian
ond ventiation fons method) con
be used at greenfield sites.

praject
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Atributos numeéricos y categadricos. Clase objetivo

Predictors
_— .
Outiook Temp  Humadity Windy
Ralny Mot High Faice No
Ralny Mot High True No
Overcact Mot High Faice Yoo
[ sunny ") High Fae Yoo
sunny Cool Noemal Fakce Yoo
sunny Cool Normal True No |
[overceet Cool Noemal True Yoo
Ralny ) High Fakce No
Ralny Cool Noemal Faice Yoo
sunny ) Normal Faie Yoo I
Rainy ™3 Normal True Yoo
Overcact ) High True Yoo [
[overceet Mot Noemal Fake Yoo
sunny ") High True Ne 1
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Atributos numéricos y categdricos. Clase objetivo

Decision Tree

|

Rainy

Yes
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Entropia

n

H(X) = =) p(xi)log, p(X)
=1
SR p: frec. atributo X con n valores

(X, Y) = H(X) — H(X|Y)

Seleccion de atributos: razén de ganancia
Algoritmos: C4.5, ID3
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80 edificios residenciales de 6 distritos de Japon:
Energia usada (de todo tipo)

Parédmetros ambientales interiores
Caracteristicas del edificio

Oftros: ocupantes, medidas de ahorro, etc.
Clase: EUI (energia total anual/superficie)

41
i 08722
Bajo/Alto i T
4 s
X 3 2 12
07808 | 0 0000 00000 00T |
ELA < 4417 8 a;lm NUM <27
E&i Ul
LEAF LEAF

s 9 10 1"

Vanable Type Value 12 3 9
o 91«. 0.0000 0.0000 0wl
TEMP Categorical High/low 313 3% (HOUS 5 D7 |
HOUS Categorical Detached/apartment EWLWEU' _LOWEUI_| m EUI
CONS Categorical Wood/non-wood - ~
HLC* Numerical [1.01,435] YT P —wr] e
ELA® Numerical [0.35, 13.30] 316 RITC is elec’ LC<170° 33
NUM Numerical [2. 6] WJ o]
HEAT Categorical Electric/non-electric - - LEAF
HWS Categorical Electric/non-electric : ;
KITC Categorical Electric/gas 00000 08113
322 624
LOW EUL | [THIGH EUT
LEAF STOP

Data: Energy Consumption for residential buildings
Z.Yu, Haghighat, B.C.M.Fung, H.Yoshino. Energy ar
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STEP 1 STEP 2 STEP 3 STEP 4
Collect and clean building Partition buildings into groups Define stochastic frontier Identify energy inefficient
energy use data and to reduce variance in building to calculate building buildings for targeted
characteristics data characteristics and energy use energy efficiency policies and programs

Property Floor Area
515.590 fi2

Property Floor Area
1.132.099 ft2

Property Floor Area

Energy Use in kKBTU (logarithm)

DUE-B: Data-driven urban energy benchmarking of buildings using recursive partitioning and stochastic
frontier analysis. Zheng Yang, Jonathan Roth, Rishee K. Jain. Energy and Buildings, 163 (2018)
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'I'i E Energy Benchmarking Analytics (EBA) platform

Objective 1: Create team and advisory board

I

Inform on current EE
policies & programs

I Provide feedback on

Crosspollination through data methods

project meetings

Objective 3:
Create data
analytics+

Objective 2:
EE policy and
program . ftics
analysis Objective 4: visualization

Test and methods
evaluate

methods with

real dataand

EE policy /program policy / Analytic +visualization

parameters program methods
parameters
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Obtener/Compartir informacidn

Proyectos de eficiencia energética basados en el comportamiento de los consumidores
(Behavior-based Energy Efficiency (BBEE)

Snohomish PUD - Energy Challenge

Energy Trust of Oregon (IOU) - OPower /
E3T (http://e3tnw.org/Documents/BBEE%20Showcase 17Ju|y2013 pdf)

LO3ENERGY: Allgau Microgrid Project | Allgau, Germany.
Piloting the future of localized renewable energy, through modeling and observation.
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Portal para compartir datos de produccion de sus instalaciones:

‘i::Pvc- sdham = ud
~ s
‘g PVOutput
Welcome, PVOuty You are logged in as llanos

If you own a sola Add Output | Your Outputs | PV Ladder | Statistics | Live Outputs | Teams | Favourites | Settings | Community |

Latest Outputs | |
. Country Statistics - Top 10 2/

' Outer Circle: Energy Generation, Inner Circle: Installed Capacity
We've Gene

Others: 4.19 % \
L°9in or Email Creece: 0.83% —
Thailand: 0.85% ——— g’
Password Denmark: 1.41 % . X \
Belgium: 3.67 % <~

Germany: 4.77 % ’
Don't have a lo United Kingdom: 5.07 % -

\
T e
24,361,: . ".

United States: 12.54 % —

number of outp

recorded
Netherlands: 14.9 % -~
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[ Consumo (W)
[ Potencia FV generada (W)

1234567 171819202122 23 24
500
1000 Esté en: INICIO* PVPC

® Photovoltaic production ™ Consumption ™ Exi

kWh v 4 1s/e7/2018 [ P

TERMINO DE FACTURACION DE ENERGIA ACTIVA DEL PVPC

0-010 Uh 0,10 -0,15 Coh > 0,15 U/h

€hwh
A
[ ]
g 0,10

%‘ Published 1dayage @ EL PAIS

Una solucion para dominar los
picos de la energia verde

Laisla
alemana de
Borkum
distribuye los
kilowatios de
sus paneles
solares
gracias a la

@ TARIFA POR DEFECTO (PEAJE 2.0 A)

0, 13256 crwn

https://wy
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Big data puede ayudar a:

Desarrollar métodos mas eficientes de aprovechamiento
de las energias renovables (buscar mejores ubicaciones
de instalaciones)

Decisiones sobre el uso de baterias

Integracion del vehiculo eléctrico como acumulador y
generador

Ayudar en la prediccion de las condiciones
meteorologicas y de necesidades energéticas
(establecimiento de patrones) de manera que la
generacion y la demanda se ajusten mejor
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nature International weekly journal of science

nature news home

TRACKING THE FLU

The relative frequency of flu-related keywords in Google searches closely tracks flu
statistics in the US mid-Atlantic region as monitored by government officials.

news archive | specials | opinion | features | news bl

12 1
b comments on this Published online 19 November 2008 | Nature 456, 287-288 (2008) | 2 — Google flu trends
E—D story doi:10.1038/456287a E,: 10 - Centers for Disease Control
= 2 81 and Prevention data
. £
Stories by subject web data predlct ﬂu z) 6
« Health and ici s 1
sell and medione Search engines provide information about epidemics. E 4
+ Microbiology g
= 2
o

The Parable of Google Flu: Traps in Big Data Analysis 2 0 2008

- . o . Y Temperatura global vs. N° de piratas
David Lazer’%", Ryan Kennedy'-**, Gary King®, Alessandro Vespignani®®* P ura g v pt

+ See all authors and affiliations . 16.5
Ty 2000
Science 14 Mar 2014: 2; 180 1080 | —®
Vol. 343, Issue 6176, pp. 12031205 2 155 e
DOI: 10.1126/science. 1248506 £ . /./
g 150 P /i/
, , o S 145 e -
Solo palabras de busqueda: sintoma g, [
“with enough data, the numbers spe & s
= 13.0

35000 45000 20000 15000 5000 400 17

Numero de piratas (aproximado)
Error en |O mUeSTrO, error de Sesgo PiratesVsTemp.svg: RedAndr / Osado (CC).
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David Laz
+Seeallz
Science 1

Vol. 343, |
DOI:10.11

16.5
16.0
199
195.0
14.5
14.0
13.5
13.0

Temperatura global media (°C)

Theory-free -> sin hipdtesis, correlacion % causalidad

Temperatura global vs. N? de piratas

2000

1980 | —®
1940 Ll
1880
1860 | @ |

1820

o % |

35000 45000 20000 15000 5000 400 17

Numero de piratas (aproximado)

PiratesVsTemp.svg: RedAndr / Osado (CC).
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ST Ciudad, Energia y Big Data

Muchas gracias por vuestra atencion
@llanosmora



