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Agenda

Where we are coming from
* What is energy informatics
* Energy informatics teaching
« Selected research projects
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Our Research Scope
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Energy Informatics (El)

 Emerging interdisciplinary area
— Interdisciplinary research involving among others electrical,
mechanical, civil & computer engineering

— Acquisition of new competences (energy conversion, power
systems, etc.)

« Two perspectives
— Develop systems that manage energy more sustainably
— Develop more sustainable computer systems

« Evaluate systems based on realistic models and data
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Dagstuhl Seminar & Communlty Building

SCHLOSS DAGSTUHL

Leibniz-Zentrum fiir Informatik

T m

About Dagstuhl Program

Library

Publications

You are here: Program » Calendar » Seminar Homepage

Dagstuhl Seminars http:/ /www.dagstuhl.de/15091
Dagstuhl Perspectives

Gl-Dagstuhl Seminars

Events
Research Guests Smart Buildings and Smart Grids
Calendar

Seminars Organizers

Events Hans-Armo Jacobsen (TU Mldnchen, DE)

Randy H. Katz (University of California — Berkeley, US)
Hartmut Schmeck (KIT — Karlsruher Institut fir Technologie, DE)

February 22nd - February 27th 2015, Dagstuhl Seminar 15091

Book exhibition

2 Books from the participants
of the current Seminar

Book exhibition in the library, 1st
floor, during the seminar week.

In the series Dagstuhl

Reports each Dagstuhl Seminar and
Dagstuhl Perspectives Workshop is
documented The seminar

Stay tuned for forthcoming report
on the seminar.
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C. Goebel, H.-A. Jacobsen, et al.
Energy Informatics — Current and
Future Research Directions. |
BISE 2013.
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Our Energy Informatics Teaching

Lecture (IN2280, 5 ECTYS)

Big Data and data analysis in the energy
domain

High performance computing for power
systems

Electricity market design

Modeling and simulation of renewable energy
resources and energy storage

Information age demand-response
Smart buildings and smart grids

Seminar (IN4725, 4 ECTYS)

Supervise students in research on El topics

Literature review, empirical studies, and
prototyping

Energy Informatics
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Energy Informatics Lab

Household demand forecasting
(machine learning using WEKA)

Zls

Wind power forecasting (machine
learning using Python libraries)

Distribution grid simulations (using
GridLab-D)

Optimal power flow and unit
commitment optimization (using
Matlab)
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[ ] C i [ vmjacobsen10.informatik.tu-muenchen.de/regelleistungtendersofort
El Database
EEX Market Data

* Problem: Data supporting o

Download + start | VYyy-mm-dd Household Actual Conventional

=lle

ECMWF Historical Conventional

El research hard to come by

Regelleistung Tender

 Solution: El database in usable format
— Available data sets to date: a WM

H

« Household electricity consumption traces 8 WE
« EEX Day Ahead

 EEX Generation (actual/expected conventional/solar/wind)
« EPEX Spot Market (intra-day and auction)

« Ancillary services (demand and tenders)

« ECMWEF (wind 10 meter, temp 2 meter, solar radiation, ...)

— Continuously updated and extended
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Research Partnerships
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Smart Grid Middleware Vision

Power — Smart Grid Applications
system j %m@, Aggregator apps

operator &
apps

End user
| apps

7 Smart Grid Middleware

/

Distributed
storage

Physical Communication Network

Local network
access points

Power Grid
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Projects Overview
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Real-Time EV Charging Control

* Problem: Find fast and scalable method for

near-optimal real-time control of EV (dis)charging

« Challenges:
— Complex optimization problem
— Real-time requirement

— Dynamic influences: Variable non-EV load,
renewable power, and EV (dis)charging
availability

« State-of-the-art:
Centralized optimization based on full state
information

[IEEE ISGT’2013, IEEE SmartGrid Comm’2014, EI’2014]

Transmission grid
;i:‘é with controllable

o ——

\ 4

N

Uncontrollable  Electric vehicles
load & solar controlled by
infeed aggregator
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VOS-Based Real-Time EV Charging Control

 Solution: VOS

— Vehicle-Originating-Signals (VOS): §
Encode EV state as need-for-charge & f%
willingness-to-supply signals 5§

— Computation of real-time controls by

« Advantages:

aggregator

10K EVs,
guarantee -

Real-time availability of controls
Increased privacy

Low dependency on predictions
Decoupled EV complexity
Faster than optimizing with comparable results

[IEEE ISGT’2013, IEEE SmartGrid Comm’2014, EI’2014]
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EV Charging Control

 Problem: Control EV charging to avoid grid
overload and make optimal use of the available
infrastructure

« State-of-the-art:
— Direct control: Not scalable & no data privacy
— Incentive-based control: Not fast enough

« Challenge:
Define a distributed optimization algorithm that
can cope with real-time requirements

[IEEE CDC’13 & CDC’2014]
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Budget-based EV Charging Control

. _ IEEE 13 node test grid !
* Solution: 13 protection devices
— Budget-based control 18 EV chargers
— Protection IEDs define a maximal charging 2.5 MVA

Main feeder 1

rate for EVs based on the grid state

« Advantages:
— Optimal use of the infrastructure
— Anytime algorithm allows real-time response

Transformer (KVA)

LI

6PM

[IEEE CDC’13 & CDC’2014] T
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Bringing Distributed Energy Storage to Market

« Problem: How to control a large
number of stationary batteries for
flexible and concurrent
participation in energy and
reserve markets

3 5
T i B
)|

 Challenges: Approach:

— Enabling multi-market participation .

— Develop efficient data structures for
market & storage schedules

— Design of services that translate .
aggregator requests/controls into
individual storage requests/controls

— Design fast planning and
optimization algorithms that scale

Effective schedule representation

Flexible and scalable resource control
according to market rules

Several techniques for solving
dispatch problem

Application & Middleware Systems Research Group

[IEEE Trans PS‘2014]
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Household Electricity Demand Forecasting with
Complex Event Processing

* Problem: ldentify effective
solutions for disaggregated
electricity demand forecasting (smart
meter & device level)

« Challenges:

— Highly individual, uncertain
and variable demand on
household level

— Many existing forecasting
techniques

— High computational cost of
applying existing techniques

[IEEE SmartGrid Comm’2013]

Data | Forecast | MAE MAE RMSE RMSE
Weekdays | Weekends | Weekdays | Weekends
HH1 Avg. 143% 133% 296% 319%
Pers. 53% 63% 112% 131%
SVMs 42% 53% 81% 117%
HH2 | Avg. 132% 122% 207% 332%
Pers. 57% 38% 137% 115%
SVMs 33% 25% 85% 40%
HH3 | Avg. 112% 101% 148% 124%
Pers. 33% 43% 55% 128%
SVMs 19% 17% 26% 25%
Avg. | Avg. 129% 119% 217% 258%
Pers. 48% 48% 101% 125%
SVMs 31% 32% 64% 60%

[ACM Middleware’2013; ACM E-Energy’2014]
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At least someone got excited

MIT
Technology

Review

A NEWS & ANALYSIS - FEATURES VIEWS MULTIMEDIA DISCUSSIONS TOPICS POPULAR: TWO-BLADED TURBINES  SEARCHING FOR Al

VIEW B 4 COMMENTS

o oo ey

The Forecasting Challenge
for Power Networks of the
Future

al+]e|-]a]al

The energy-efficient power networks of the future will require
entirely new ways of forecasting demand on the scale of
individual households. That won'tbe easy.
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Open Grid Map e,

* Problem: Distribution grid information is
often not available (even to DSO)

« Solution: Infer grid’s structure from
available and geo-tagged information
collected via crowd-sourcing

——

ftware
Impus

Partner: SI EM ENS

+
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=

Electricity distribution

/
Field transformer

Substation

S~
. P =
- - > -
P
[

3 0

N
OpenStreetMap Your own
raw data tile server

. —

Ermm————

1

————
[ —

Users browsing
your website

Crowdsourcing

Application & Middleware Systems Research Group 21



Technische Universitat Minchen m

Our Energy Informatics Team

Dr. Christoph Goebel

Principal Researcher

Experienced IS researcher (KIT, EPFL,
CMU, Humboldt, UC Berkeley, TUM)

José Rivera, Dipl.-Ing.
Doctoral Student

Electrical engineer, studied at TUM, Master's
thesis (with Siemens) on electric mobility,
visiting student at MIT

Christoph Doblander, Mag.

Doctoral Student

Mathias Kahl, MSc.

Doctoral Student

Electrical engineer, manages our Non-invasive
Load Monitoring project; computer science
background

Experienced software engineer (5+ years of
industy experience), studied at FH Kufstein,
previously worked in gas trading

Victor del Razo, MSc.

Doctoral Student

Anwar Ul HAQ, MSc.

Doctoral Student

Electrical Engineer, studied at Hanyang
University, Korea, Master’s thesis on Game
Theory applied to Smart Grids

Experienced telecommunications engineer (5+
years of industy experience), studied at University
of Helsinki
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Conclusions

* Energy Informatics is an emerging area

« Recommendations to funding agencies
— Establish open data set archives
* The Internet trace archive of energy systems
— Establish smart grid test beds
* The PlanetLab of power grids
— Establish smart building test beds
 The EmulLab of smart buildings
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Energy Informatics Papers |
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V. del Razo, C. Goebel, H.-A. Jacobsen. Benchmarking a Car-Originated-Signal Approach for Real-Time Electric
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C. Goebel, H.-A. Jacobsen. Multi-Market Sourcing of EV Charging Energy. IEEE Transactions on Smart Grid
(under revision)
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Energy Informatics Papers Il
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