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Energy system challenges
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The Danish Wind Power Case

.. balancing of the power system

I

25 % wind energy (West Denmark January 2008)| 20 % wind energy
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In 2020 Forecasting and Flexibility are essential
In 2008 wind power did cover the entire

demand of electricity in 200 hours . .
(West DK) (For several days the wind power production is

more than 100 pct of the power load)

That’s the topics of ‘Flexible Energy Denmark’
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The Challenge: Denmark Fossil Free 2050
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Renewables Energy user

FLEXIBILITY

real-time matching of energy
demand & production through

DIGITALIZATION of Integrated -
Energy Systems Rl
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Data-Intelligent and Flexible
Energy Systems
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Space of Solutions

i

Flexibility / Virtual Storage
(enabled by Digitalisation and Energy Systems Integration)

(Super) Grids Batteries
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Use of Digitalization and
Energy Systems Integration

By intelligently integrating currently distinct energy
systems (heat, power, gas and biomass) using digital
solutions we can unlock the flexibility needed for
integrating large shares of fluctuating renewable energy

sources
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Energy Systems Integration

Energy System Integration (ESI) can
increase grid flexibility by increasing E|ectricitv E

connections with other energy domains
Thermal

Fuel

Water

“Energy Systems Integration: Defining and
Describing the Value Proposition “, O’'Malley,

Data
Kroposki, Hannegan, Madsen, Andersson, E
D’haeseleer, McGranaghan, Dent, Strbac, Baskaran, Tra nspo rt

Rinker., NREL/TP-5D00-66616. June 2016 NREL | 17
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Temporal and Spatial Scales

A so-called Smart-Energy Operating-System (SE-OS) is developed
In order 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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Energy System Models
for Real Time Applications and Data Assimilation

Grey-box models are simplified models for the individual components
facilitating system integration and use of sensor data
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Smart-Energy OS e
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SE-OS Characteristics

I

Al and Grey-Box models for data-intelligence
Nested sequence of systems - Systems of Systems
Hierarchy of optimization (or control) problems

Control principles at higher spatial/temporal resolutions

¢ e ¢ ¢ ¢

Cloud, Fog, Edge based (loT, loS) solutions - eg. for forecasting
and control

® Facilitates energy systems integration (power, gas, thermal, ...)
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Tools for Forecasting:
(Prob. forecasts)

Pct. of installed capacity

Power load

Heat load =

Gas load

Prices (power, etc)
Wind power prod. €
Solar power prod.

State variables (DER)

L L e N

Pct. of installed capacity
0
|

24 48 72 96 120 144 hours
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Consumption
references

L .
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Control of Power
Consumption

Model parameters

Price-response
estimator
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Penalty Generator for, e.g.: Penalty Signals for: Cost Efficiency,

|

: Voltage Control, Emission Efficiency,

I Balancing, Energy Efficiency

| Congestion Management r ~

: : """"""" Flexibility Function Lo

I | (Estimator)

| : G )
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I Rgf_et;e_nfe Penalty Generator] Penalty { Flexible User(s) Responss-

: (Controller) J (Penalty-responsive) : [
0 |
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Case study

Wastewater Systems
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Energy Flexibility in =
Wastewater Treatment

Sensor filtering and time delay

CTSM-R
Model parameter estimation

Closed loop prediction
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Smart Grids and DTU
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Wastewater Treatment -—
Peak ShaVing' ---------------------------------------------------------------------------------------------------------------------------------------------------------------
Voltage control, Energy efficient, Emission efficient, Cost efficient
Balancing, ...... depending on selected Penalty Signal
Congestion management, i
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© Flexibility (or virtual storage) characteristics:
— Wastewater systems can provide storage 0.2-6 hours ahead
— Supermarket refrigeration can provide storage 0.5-2 hours ahead
— Buildings thermal capacity can provide storage up to, say, 2-10 hours ahead
— Buildings with local water storage can provide storage up to, say, 2-18 hours ahead
— District heating/cooling systems can provide storage up to 1-4 days ahead
— DH systems can provide seasonal storage solutions

— Gas systems can provide seasonal/long term storage solutions
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Center Denmark
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Connect networks and data
fora green world

BERINERS
nationale Center

Fremme den grenne omstilling.
Samle og bygge bro, mellem
forskning, teknologi, natur og formidling,
pa tveers af interesseorganisationer,
virksomheder, skoler og

universiteter.
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Center Danmark — Digitaliserings Hub

Circularity in the development of digital energy systems

Solutions

real-time matching of F
energy demand &
production through data
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Center Denmark
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Become a partner - see www.centerdenmark.com
It will increase possibilities for eg. EU projects and support - also since
Center Denmark is approved by the Commission
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Proposed methodology
Control-based methodology
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We adopt a control-based f/ min B[ Y 6w\
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approach where the price | h=0 j=1 \
\ s.t. wpyp = Axp + Buk + Ed,, |

becomes the driver to manipulate \ o
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