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The Danish Wind Power Case

.. balancing of the power system

25 % wind energy (West Denmark January 2(][15){
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In 2008 wind power did cover the entire demand of
electricity in 200 hours (West DK)
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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.

For some hours more than 140 pct of the power load was covered by
wind power
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Existing Markets - Challenges

Dynamics
Stochasticity
Nonlinearities

Many power related services (voltage, frequency, balancing, spinning
reserve, congestion, ...)

Speed / problem size
Characterization of flexibility

Requirements on user installations
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Challenges (cont.)

— Preparatorstudy on |
- 'l Smart AppHaces

Commission

performed for the
European Commission

o/: Ecodesign Preparatory Study

\d
Welcome Project summary Planning & Meetings Documents Register for we sit’ Register for meeting Contact & Consortium
Home Project summary *
* v

The Ecodesign Preparatory Study on Smart Appliances (Lot 33) has analysed the technical, economic, market and societal aspec view to a broad introduction of smart
appliances and to develop adequate policy approaches supporting such uptake.
The study deals with Task 1 to 7 of the Methodology for Energy related products (MEErP) as follows: @,

« Scope, standards and legislation (Task 1, Chapter 1);

« Market analysis (Task 2, Chapter 2); 0

« User analysis (Task 3, Chapter 3); o

« 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).

+ \d
An executive summary of the project results can be downloaded here. /5
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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Temporal and Spatial Scales

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

Einens

Geographical Scale

Complexity
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CITIES Big Data Value Forum, Versailles, Nov. 2017

~ Centre for IT Intelligent Energy Systems



1 CITIES
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The ‘market’ for the future Smart Grid =
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Proposed methodology
Control-based methodology e
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Models for Systems of Systems

Intelligent systems integration using data and ICT solutions are based on
grey-box models obtained by Big Data Analytics for real-time operations
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Flexibility Function (based on Data and Al) =
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Figure 4: Six characteristics of the demand response to a step increase in elec-
tricity price. 7: The delay from adjusting the electricity prize and seeing an
effect on the electricity demand, equal to approximately 0.5 here. A: The max-
imum change in demand following the price change, in this case close to 0.2. «a:
The time it takes from the change in demand starts until it reaches the lowest
level, approximately equal to 0.5 here. [F: The total time of decreased electricity
demand, roughly equal to 2 here. A: The total amount of decreased energy de-
mand, given by the green-shaded area. B: The total amount of increased energy
demand, given by the grev-shaded area.
1
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(Virtual) Storage Solutions =
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© Flexibility (or virtual storage) characteristics:

[

Supermarket refrigeration can provide storage 0.5-2 hours ahead

Buildings thermal capacity can provide storage up to, say, 5-10 hours ahead

Buildings with local water storage can provide storage up to, say, 2-16 hours ahead
District heating/cooling systems can provide storage up to 1-3 days ahead

DH systems with thermal solar collectors can often provide seasonal storage solutions

Gas systems can provide seasonal/long term storage solutions
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. . SSmartNek
SE-OS implemented as a Cloud solution . e

Control loop design - logical drawing

i Termostat actuator
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Lab testing ....




D SmartNet

SN-10 Smart House Prototype
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SE-OS Characteristics

i

‘Bidding - clearing - activation’ at higher levels
Nested sequence of systems - systems of systems - models based on Big Data Analytics
Hierarchy of optimization (or control) problems based on Al technologies

Control principles at higher spatial/temporal resolutions

Cloud, Fog or Edge Computing 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

Provides a solution for all ancillary services

¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢

Harvest flexibility at all levels
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/ CITIES Big Data Value Forum, Versailles, Nov. 2017

Centre for IT Intelligent Energy Systems



Case study No. 1

Control of Power Consumption using
the Thermal Mass of Buildings
(Peak shaving)
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Aggregation (over 20 houses)

DTU
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Olympic Peninsula
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Consumption [kW]

Non-parametric Response on

Price Step Change
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Control of Energy Consumption

Model parameters
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Control performance =

Considerable reduction in peak consumption

Mean daily consumption shift
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Case study No. 2

Control of heat pumps for swimming pools
(CO2 minimization)
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Share of electricity originating from renewables in Denmark Late Nov 2016 - Start Dec 2016
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Source: pro.electicitymap.org
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How does it work? Smart
Temp A1

Price based Control O
Temp A2

ACTY
ACT2 Temp F1 Temp R1

Temp F2 Temp R2
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CO2 based control of power consumption

I

@ A procedure for Big Data Intelligent (Al based) control of power load, using the Smart-Energy OS (SE-OS)
setup, is suggested. Here the control is mimizing the CO2 footprint of the heating systems

@ The reduction in CO2 emission is maybe around 25 pct
® The increase in power consumption might be 5 pct
() However, the SE-OS controllers can focus on

Peak Shaving

Smart Grid services (like ancillary services needs, ...)
Energy Efficiency

Cost Minimization

Emission Efficiency

X % ¥ X %

] I - -
CITIES Big Data Value Forum, Versailles, Nov. 2017

~ Centre for IT Intelligent Energy Systems



w—
=
e

Summary

I

@ A procedure for Big Data Intelligent (Al based) control of power load, using the Smart-Energy OS (SE-OS)
setup, is suggested

@ The SE-OS controllers can focus on e.g.

Peak Shaving

Smart Grid services (like ancillary services needs, ...)
Energy Efficiency

Cost Minimization

* % % ¥ %

Emission Efficiency

L

We have demonstrated a large potential in Demand Response. Automatic solutions based on machine
learning, and end-user focus are important

@ We see large problems with the tax and tariff structures in many countries (eg. Denmark).

¢

Markets and pricing principles need to be reconsidered; we see an advantage of having a physical link to
the mechanism (eg. nodal pricing, capacity markets)
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For more information ...

See for instance
www.smart-cities-centre.org

www.smartnet-project.eu/

...0r contact
— Henrik Madsen (DTU Compute)
hmad@dtu.dk

Acknowledgement - InnovationFund Denmark (CITIES project) and EU-H2020
(SmartNet project)
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