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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){
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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.

Periods with more than 140 pct of the power load
covered by wind power are seen
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Jutland - Sweden Power right now

i Exports: 332 MW Measured in MW:
-
. -’ Central power stations 1.315
*e R Local CHP plants 298
-

—e ' wind turbines 3.951
Ty Solar cells 0

Jutland - Norwa
Y Net exchange eksport 2.096
Exports: 1.530 MW Electricity consumption 3.469
CO2 emissions 164 g/kwh

v

LEGEND v

Zealand - Sweden

Exports: 1.026 MW

—
-

Bornholm - Sweden

Exports: 16 MW

The Great Belt
--=-= B9 MW

Zealand - Germany
Jutland - Germany

Imports: 336 MW
Imports: 473 MW

Last updated 2. februar 2016 23:28
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DTU
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
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— Pregratory study on

LI Smrags Appliances
T )PP =

o e ‘ . o Ecodesign Preparatory Study
2.

performed for the
European Commission

Welcome Project summary Planning & Meetings Documents— ' Register for website Register for meeting Contact & Consortium

Home > Project summary

Project Summary O\p

The Ecodesign Preparatory Study on Smart Appliances (Lot 33) has analysed the technical, economic, marwsocielal aspects with a view to a broad introduction of smart
appliances and to develop adequate policy approaches supporting such uptake. 6

The study deals with Task 1 to 7 of the Methodology for Energy related products (MEETP) as follows: o

Scope, standards and legislation (Task 1, Chapter 1);
Market analysis (Task 2, Chapter 2);
User analysis (Task 3, Chapter 3);

Technical analysis (Task 4, Chapter 4); Q I

Definition of Base Cases (Task 5, Chapter 5);
Design options (Task 6, Chapter 6);
Policy and Scenario analysis (Task 7, Chapter 7).

.

\J
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 MEEIP Task 6 and 7 will be updated with PRIMES data that recently became available, and with the EEA-countri
+ The development and assessment of policy options that were identified in the study will be further elaborated and deepened. ‘b

.
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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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Smart-Energy OS e
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Control and Optimization

Day Ahead Balancing
Market Market

Agagregator

Indirect Control
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In the Wiley Book: Control of Electric Loads
in Future Electric Energy Systems, 2015
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Day Ahead:

Stoch. Programming based on eg. Scenarios

Cost: Related to the market (one or two levels)

Direct Control:

Actuator: Power

Two-way communication

Models for DERs are needed

Constraints for the DERs (calls for state est.)

Contracts are complicated

Indirect Control:

Actuator: Price

Cost: E-MPC at low (DER) level, One-way
communication

Models for DERs are not needed

Simple 'contracts'
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DTU
The ‘market’ for future Smart Grids =

Space
Bidding + .
Country Market clearing - Bidding &
'\ ) . Clearing
Region e .
Purpose based .
Stochastic Control . Control based
City ’ . : 2
D minU-U,)
District Economic Model T .
Predictive Control . _
« mMin E (pU)
House

Time

| AN
A2 B | .
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Proposed methodology
Control-based methodology
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DTU
Models for systems of systems =

Intelligent systems integration using data and ICT
solutions are based on grey-box models for real-time
operation of flexible energy systems
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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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SE-OS Characteristics

i

‘Bidding - clearing - activation’ at higher levels
Nested sequence of systems - systems of systems
Hierarchy of optimization (or control) problems

Control principles at higher spatial/temporal resolutions

¢ e e ¢ ¢

Cloud or Fog (IoT, loS) 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

¢ e ¢ ¢

Harvest flexibility at all levels
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Centre for IT Intelligent Energy Systems ArgOnne Na.tiDnal Lab-, Dec-2017



=
=]
—

I

Case study (Level Iil)

Price-based Control of
Power Consumption
(peak shaving)

Argonne National Lab., Dec.2017



b

Aggregation (over 20 houses)
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‘ — Aggregated consurmption [kWh
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Price-responsive temperature setpoint [*C]
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Price Step Change

0.2

Response on
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—— Consumption step response (Olympic Pen.)

Consumption [kW]

5 hours
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Consumption
references

L .
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Control of Power
Consumption

Model parameters

|
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Control performance

Considerable reduction in peak consumption

14

12

Consumption [kW]
o0

Responsive
Unresponsive

2 1 1 1
0 5 10 15 20
o 1508 N
2 Generated
o .
100F ™ 7 e Desired level
0 5 10 15 20
Hour of day
|
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Case study

Control of Power Consumption to
Summer Houses with a Pool
(H2020 SmartNet Project)

Argonne National Lab., Dec.2017
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Services
Balancing " The large inertia of pools
SIA allows for shift of electricity
consumption by several hours.

" Via active coordination of the
flexibility below a critical node
e on the DSO grid.

sy

Voltage regulation (DSO)

= Active load management to
help finding an optimal routing

fzii i ié of the power.

Congestion management



How does it work? = Smart

Price based Control

Temp A1
Temp A2
ACT1
ACT2 Temp F1 Temp R1
TempF2 Temp R2
& W . II ;I i Fool
Il i!i:ll |
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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.org
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Carbon intensity of Denmark Late Mov 2016 - Start Dec 2016
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SmartNet

ENFOR ~=

SmartNet = D7811

D7811 Controller

Cost: co2intensity [g/kWh]
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Case study No. 2

Control of Heat Pumps for buildings
with a thermal solar collector
(minimizing cost)

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee Argonne National Lab., Dec.2017
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Modeling Heat Pump and Solar Collector
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Avanced Controller

Formulation

The Economic MPC problem, with the constraints and the model,
can be summarized into the following formal formulation:

N-1
f

{uﬂF_j]l@ kZ:D € i, (4a)
Subject to  xx11 = Axx + Buy + Edyk=0,1,...,N—1 (4b)
Yo = €3y, o— 12 00N (4c)

U 2 e iy k=0,1,....,N—1 (4d)
Bllnin € Ay < Dligisy k=0.1,...;,N—1 (4e)

Ymin < Yk < Ymax k=0,1,...,N (4f)
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Heat pump with thermal solar collector and storage

(cost savings up to 25 pct - increased energy consumption 8 pct)
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Intelligent Intelligent/Flexible . = N
% Transport Heating/Coolin, Buildings D's_f_::aut‘:_?:nfnd

© 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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Summary

i

@ A procedure for data intelligent control of power load, using the Smart-
Energy OS (SE-OS) setup, is suggested.

o The SE-OS controllers can focus on

Peak Shaving

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

Cost Minimization

* % % ¥ %

Emission Efficiency

o We have demonstrated a large potential in Demand Response in Buildings.
Automatic solutions and end-user focus are important

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

See for instance

www.smart-cities-centre.org

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

Acknowledgement - DSF 1305-00027B
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Some 'randomly picked' books on modeling ....

Trexts i Statistical Scienee

Introduction to
General and Generalized
Linear Models

Time Series pan

Analysis S
mgrating

Renewables in

Electricity Markets

Oiperational Froblems

Henrik Madsen
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