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Project Motivation
The challenges
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The Danish Wind Power Case
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.. balancing of the power system

25 % wind energy (West Denmark January EDDB){

50 % wind energy
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0 Wind power O Demand

In 2008 wind power did cover the entire
demand of electricity in 200 hours
(West DK)
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O Wind power O Demand

In the first half of 2017 more than 44 pct of
electricity load was covered by wind
power.

For several days the wind power production was
more than 100 pct of the power load.

July 10th, 2015 more than 140 pct of the power
load was covered by wind power
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Challenges (example

WE

— Preparatory study on 7

= Smart Appli
— art Appliances =
e
[ ‘ - Ecodesign Preparatory Study
. .- performed for the
European Commission
Welcome Project summary Planning & Meetings Documents Register for website Register for meeting Contact & Consortium

© = Report: Almost no fIEXibility
Project Summary

The Ecodesign Preparwmy orgSmart Appliances (Lot 33) has analyged the technical, economic, market and sociTI aspecig with a viewgo a broad introduction of smart

appliances and to devel te aWGS.&elHCh e Same Conc us:l_on ln

The study deals with Task 1 tq7 of the Methodology foﬂergy related produgts (MEErP) as follows: .
Il;il‘i.

e e A1IMOST-@ll previous Danish projects

« Market analysis (Task 2, Chapter 2);

« User analysis (Task 3, Chapter 3);

« Technical analysis (Task 4, Chapter 4);

« Definition of Base Cases (Task 5, Chapter 5);

« Design options (Task &, Chapter 6);

« Policy and Scenario analysis (Task 7, Chapter 7).

An executive summary of the project results can be downloaded here.
Throughout the study, new relevant aspects have come up which will be covered in a second phase of the Preparatory Study:

« Chargers for electric cars: technical potential and other relevant issues in the context of demand response.
« The modelling done in the framework of MEErP Task 6 and 7 will be updated with PRIMES data that recently became available, and with the EEA-countries.
« The development and assessment of policy options that were identified in the study will be further elaborated and deepened.
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COMPETITIVE BIDDING AND STABILITY ANALYSIS

IN ELECTRICITY MARKETS USING CONTROL THEORY

Main idea: applying control theory to the study of power markets

Advantages in handling effectively

—

Dynamics Uncertainty
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control theory provides ways of stochastic control theory allows for
modeling the dynamics which taking into account different sources of
is intrinsic in energy markets uncertainty (wind, ...)
it is possible to develop advanced itis possible to develop bidding strategies
bidding strategies which exploit the which are optimal with respect to the
inclusion of the dynamics in the model stochastic characteristics of the market
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Project Idea

Data Intelligent Energy Systems
for a Smart Society
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Temporal and Spatial Scales

The Smart-Energy Operating-System (SE-OS) will be used to
develop, implement and test of solutions (layers: data, models,
optimization, control, communication) for operating flexible electrical
energy systems at all scales.

fnens

Geographical Scale

Complexity
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DTU
Models for Systems of Systems =

Intelligent systems integration using data and ICT
solutions are based on models for real-time operation of
flexible energy systems
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Smart-Energy OS e
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Proposed methodology
Control-based methodology
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Center Denmark:
Data Intelligent Energy Systems

I

Automatic and self-cal. methods based on Big Data analytics and Al
Storage solutions are essential - both batteries and PCM

Prosumer integration strategy and methodologies

Labs - Virtual, HiL, Live

Peer-to-peer communication (incl. blockchain)

Nested sequence of systems - systems of systems

Hierarchy of optimization (or control) problems

Control principles at higher spatial/temporal resolutions

Cloud or Fog (loT, l0S) based solutions - eg. for forecasting and control
Facilitates energy systems integration (power, gas, thermal, ...)
Allow for new players (specialized aggregators)

Simple setup for the communication and contracts

C ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢

Harvest flexibility at all levels
/. CITIES
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The (needed) Transformation DTU
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A procedure for data intelligent control of integrated energy systems
(using eg the Smart-Energy OS (SE-OS) setup)

@ The test center has to be representative - and scaling is important

A first very important step would be to establish Center Denmark near
Fredericia (10.000 m2 facilities for Research, Education, Development
and Testing - plus Dissemination)

@ The Societal objective is to establish a realistic and concrete pathway to a
fossil-free society

@ The Scientific objective is to establish methodologies and solutions for the
future intelligent and integrated energy system

@ The Commercial perspective is to being able to idenfy and test solutions
which can form the background for commercial success stories. We
believe that this area has the unique characteristics for being the
ultimate live-lab for test and demonstration of future smart energy
solutions
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Flexibility enabled using
data intelligence

Solutions
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Framework
Conditions

Models (eg. grey-box models)

Buildings;
Districts;
Cities

T TTVE e i nnenygsht sy wysiene Meetuing - EWII, Goodle, Fredericia Mun. and DTU, July 3'* , 2018



International Collaboration
CITIES

® Our partners - NREL, Berkely Lab, Argonne Nat. Lab, AIT, NTNU, LU,
UCD, NTU, Tecnalia, Toyota, Samsung, ...

® Close collaboration with many International Projects;
The largest being:

® Energy Systems Integration Partnership Programme (ESIPP) -
Ireland - 120 mill dkr

® Centre for Energy Systems Integration (CESI) - UK - 300 mill dkr
(project partner)

® Research Centre on Zero Emission Neighb.in Smart Cities (ZEN) -
Norway - 400 mill NOK - (partner) Henrik - Prof. Il at NTNU

® 5 EU projects building on results - so far ..

© COST TD1207 ‘Mathematical Optimization in the Decision Support
Systems for Efficient and Robust Energy Networks.
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Some results .... (so far)
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Lab testing ....
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SE-OS
Control loop design - logical drawing

| Termostat
actuator




SN-10 Smart House Prototype
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Integrated energy systems powered by intelligent data

HOME 100% BY 2050 ABOUT Us TOPICS PROJECTS

Topics

Data analytics Policy and regulations

Energy systems

Cloud-based solutions

Markets Smart buildings

EVENTS PARTNERS
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Mobility
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Case study No. 1

Control of heat pumps for swimming pools
(CO2 minimization)
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How does it work? = Smart

Price based Control

Temp A1
Temp A2
ACT1
ACT2 Temp F1 Temp R1
TempF2 Temp R2
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Share of electricity originating from renewables in Denmark Late Nov 2016 - Start Dec 2016

70 hydro

biomass
geothermal
wind

solar

Dec
2016

Source: pro.electicitymap
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Carbon intensity of Denmark Late Mov 2016 - Start Dec 2016
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Case study No. 2

Wastewater Treatment Plants
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Kolding WWTP
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Waste-2-Energy =

Resources WWTP Energy Hub Energy service
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Energy Flexibility in =
Wastewater Treatment

Sensor filtering and time delay

CTSM-R
Model parameter estimation

Closed loop prediction

> CITIES

g Contre forIT Intelligent Energy Systems Meeting - EWII, Google, Fredericia Mun. and DTU, July 3, 2018



=
=]
—

Sewer System Annual Elspot Savings
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b ) centerdanmark

intelligent energi

- National Centre for Research, Education, Innovation, Test and Demonstration
with a focus on data intelligent and integrated energy systems, physical and virtual storage,
and water and food systems coupling

- From research to business in a real-life test environment with a main focus on the
environment, people and nature
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A mixture of old and new buildings (smart city anno 2030)

Zldre bygninger :
1. Mgllen: Urban Farmning
1. Bygning 228 m?
2. Bygning 590 m?
3. Bygning 290 m?
4. Bygning 230 m?
5. Bygning 155 m?
Privathus, 183 m2.
Privathus, 153 m?
Privathus, 166 m?
Gard 140 m?
Gard 4-l&nget 231 m?
1. Udbygninger 1200 m?
7. Raekkehus 140 m?
8. Raekkehus 130 m?
9. Depot 140 m?
10. Kontor 110 m?
11. Lager 450 m?
12. Erhverv produktion 450 m?2
13. Ridehal 1700 m?
14. Produktion @ko Gedning
15. Privat hus 160 m?
16. Husmandssted 110 m?
1. Erhverv 70 m?
2. Produktion 25 m?
3. Keglerum 5 m?
4. Klimarum 10 m?
17. Shelter 60 m?

obewN

1.

15 HA SMART'CIT 2.
in-SmartSocieties

3.

NoWUmaWwN R

Nye bygninger :

Smart City 2030

1. Urban Farmning
Raekkehuse
Parcel huse
Kollegie vaerelser
Undervisningsbygning
Laboratorier

7. Mini Industri
Center Danmark 4800 m?
Ny Gudsggard 2600 m?

1. Privat hus 280 m?

2. Erhverv 280 m?

3. Stald 280 m?

o e wN

Natur, miljg & Dyreliv:

Rer

Sp

Skov
Eng

Hav
Natursti
Shelters



The old mill - Old Danish Energy System




The project team - Architect and Construction

Jan Utzon Klaus Bggeholt-Laursen Lars Bgtker-Rasmussen
Arkitekt Landinspektgr, Partner Bygningskonstrukter
BATKERS TEGNESTUE ApS

Jgrgen Hansen Karin Niemann-Christensen Sgren Jeppe Pedersen
Arkitekt MMA, 3D Byplanradgiver, Arkitekt MAA Arkitekt M.A.A

* Planlaegning

* Budgettering

* Skitsering/projektering
* Udbud

* Prisindhentning

* Kontrahering

* Bygherreleverancer
*  Byggemgder

* Kvalitetskontrol

*  @konomistyring

+ Aflevering

*  Opfelgning
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