w
\EEE PES \umm)| .
UNIVERSITY".




The Danish energy landscape
Demand side flexibility: the Danish case

Towards local flexibility markets

BowonNn e

Local flexibility markets — Learnings from
Ecogrid 2.0

5. Conclusions and future perspectives

IEEE PES \um#/|
university € 1EEE




The Danish energy landscape

b Ambitious Danish energy syster
transformatlo
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The Danish energy landscape

s LY

* Denmark to build world’s two first ‘energy islands’ in 2030
« 2GW +3(10) GW
* Enable harvesting of far-offshore wind energy

e 180 GW wind power potential in the North Sea

* Power-to-X for production of green fuels for heavy transport and industry

o =%
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The Danish energy landscape

Drivers behind the transformation

Electrification of demand

Doubling
of power 1
demand
3 71
1 2 1IN
4 T '_
o N
. Ofwhich 35
from passenger
7 cars
|
Power Power-to-X Data Heat Electric Electrification Electrification Other®  Power demand
demand centres! pumps? vehicles, of rail of North Sea by 2030 if 70%
in 2019 buses and transport production target is met

trucks

i Reference: The climate partnership for the energy and utilities sector,
IEEE PES \u

UNIVER SITY @ IEE E Powering Denmark's Green Transition, May 2020.




Demand side flexibility: the Danish case

Demand side flexibility in Denmark — some examples

Frequency service from Europe’s Services from a large Stacked services from EV
first fully commercial V2G-hub heat pump + a grid battery faster charger via buffer battery

o ' et EN=RGYLAB
= Q 51 palIer T NDRDHAVN

@) Frederiksberg

Forsyning

TOPCHARGE

€155/month - Revenue per car from Large heat pump (250 kWe) and 350 kW / 300 kWh buffer battery reduces
frequency regulation service during night grid battery (630 kW / 460 kWh) the peak load on the distribution grid and
and weekends (energy cost for driving is collaboratively provide flexibility enables flexibility services from a fast
€54/month at 1,350 km/month). services to the TSO. charging station.

Web: www.parker-project.com Web: www.energylabnordhavn.com Web: www.topcharge.eu
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Demand side flexibility: the Danish case

When demand side flexibility becomes
a “threat”

Prices in DK East - July 10 2021
1200 T T T T T

——Day-ahead

* Significant electrification increases loading in the Ezz:---aegulamg ________ ]
distribution network (DN) R

o
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* Market participation of flexible demand will lead
to challenges due to load synchronization

Price [DKK/MWh]
~
S

|

RS
j=1 (=3
(=} (=}

e System integration and congestion management L. 5
become Critical : 02 03 01 05 06 or o8 09

Hour of day
* This has led to an increased R&D-focus Snapshot of Danish day-ahead and
regulating power prices

w
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* And the need for “smart” solutions
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Demand side flexibility: the Danish case

Demand side flexibility and T&D

network upgrade costs _
A sizeable cost

DKK billion (2019 prices) spon cus gt iigo?gz:n-a.u SaVIng from
S e “smart” solutions

Maintaining the existing Build-out to support Fulfilment of the Fulfilment of the
power demand the 70% target with T0% target with 70% target without
smart solutions smart solutions smart solutions
11 ” H
# Transmission (already decided) @ Transmission @ Distribution \ S m a rt \ B U S I n eSS aS
scenario usual scenario

Reference: The climate partnership for the energy and utilities sector,

{?lEﬁ‘F;IEESRSIT‘Y-I @IEEE Powering Denmark's Green Transition, May 2020.




Towards local flexibility markets

Objectives may cause conflicts
TSO

DER flexibility
Reliability
Low costs

Security of supply

f '\ Long-term guarantees
Flexibility vs expansion

DERs
Network access
. Freedom to
Congestion O==IOP  tilize flexibility

Secure supply
ma nagement

IEEE PES
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Towards local flexibility markets

DER impact on distribution networks

Congestion management options

ToU tariffs Dynamic tariffs Bilateral
agreements
Finer
geographical
granularity

P77 AN For more details:
IEEE PES \ - "'I J. Ostergaard et al., "Energy Security Through Demand-Side Flexibility: The Case of Denmark," in [IEEE

UNIVERSITY @ IEEE roverand Energy Magazine, vol. 19, no. 2, pp. 46-55, March-April 2021, doi: 10.1109/MPE.2020.3043615.




Towards local flexibility markets

Local flexibility markets

Clean energy for all Europeans

Features

v Promote competition

b= v" Allow DSOs to access flexibility

> DSOs shall procure ancillary services for v' Run in parallel to the current system

congestion management of DNs through .
transparent market-based procedures v May resolve TSO_'_DSO conflicts on
the use of flexibility

» Demand side response and aggregators are
enabled to fully participate in electricity markets v" Maintain the structure of power

without limitations markets and operation

IEEE PES \
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Local flexibility markets — Learnings from Ecogrid 2.0

Bornholm island

40,000 people

100% renewable electricity production

100% renewable district heating system

A living lab for innovative solutions

IEEE PES 17|
UNIVERSITY $IEEE
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Local flexibility markets — Learnings from Ecogrid 2.0

EcoGrid 2.0
* Designed, implemented and ran a

local flexibility market FL@IS,I(LEIIY R u—.
* In parallel to a mock-up of the - U

balancing market

— CONSUMERS
- LLL]
=

* Focus on both DSO and aggregator

side
e 800 flexible customers a

* 3 heating seasons / development
cycles

7/ \\N
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Local flexibility markets — Learnings from Ecogrid 2.0

Ecogrid 2.0 learnings

Congestion is primarily caused by demand
side participation in wholesale markets

HPs and EVs without smart control do
not cause substantial load peaks

Reaction to price signals may
increase coincidence factors
drastically, and cause congestion
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Non-coordinated
charging

[\
ot

20 8\
15 N

10 §

Fraction Charging [%)]

0123435 8 9 1011121314 1516 17 18 19 20 21 22 23 24
Time of Day [h]

EV load coincidence factors are relatively low (max
20-25%) without smart charging (move to caption)

Source: A. Thingvad, The role of electric vehicles
in global power systems, PhD thesis




Local flexibility markets — Learnings from Ecogrid 2.0

Ecogrid 2.0 learnings

Defining proper services is crucial 2
a8
* A large part of the project focused on service | =
definition, verification and the associated bsart tena
implications A capacity service
* Two main types of services: capacity and relative o
* DSO-level services need to: .
* Be compatible with both DSO and flexibility providers E
operation and risk management
e Be easy to verify LMt me—L.oad = = = Baseline
* Be transparent and accepted by all parties bstart tend

A relative service based on a baseline
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Local flexibility markets — Learnings from Ecogrid 2.0

Ecogrid 2.0 learnings

Relative services relying on baselines are
not suitable for DNs

e Under flexibility utilization, DERs stop
following “typical” patterns

* Baselines are thus hard to be established,
in the absence of expected behavior

* Usually those are defined arbitrarily,
resulting in various implications

e Capacity limitations are a more suitable

Varying charging patterns

250
i
A
200 - l x  Uncontrolled —-—-— Prices 1 — — —Prices 2 ,.' \
: \
| .
’\ . i ‘.\
_ / / I g
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0 T = 4 L L L
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Hour of day

The absence of “natural behavior” under
demand response utilization of EVs

product
C. Ziras, C. Heinrich, H. W. Bindner, Why baselines are not suited for local flexibility
IEEE PES i’—| markets, Renewable and Sustainable Energy Reviews, Volume 135, 2021, 110357
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Local flexibility markets — Learnings from Ecogrid 2.0

Ecogrid 2.0 learnings

Demand-side flexibility is not DSO-exclusive

Demand-side flexibility is often

considered as “static”

This flexibility is used only for the purpose
of serving DSO objectives

Wholesale market participation and
conflicts are disregarded

Not in line with the EU Clean Energy
Package

Power consumption (kW) in the low-voltage grid (0.4 kV). hours a day

Inflexible Flexible

® Ordinary consum ption  ® Individual heat pumps @ Electric vehicles

Source: Danish Energy.

Example of demand side flexibility used only for the
DSO, without participating in wholesale markets




Conclusions and future perspective

* Denmark has ambitious goals regarding reduction of CO2 emissions and integration of
renewable energy

* Electrification and the replacement of fossil fuels with renewables are key enablers, e.g.
through energy islands and sector coupling

* To do this in an economically efficient manner we also need to utilize demand side flexibility at
the grid edge

* The flexibility can be provided by ﬂ ...

demand, but more research is needed .’p ' | ..., aa 2
in system integration and frameworks P—— !! _

;

! .¥ O ubs n Power-1o-x
! i 'f lb ’O
: Substation 310 )

for efficiently utilizing and coordinating

7_" Y Substation 716 -»

the flexibility. i i T
b rrime 90 :g@ ;::

IEEE PES 17|
UNIVERSITY $IEEE




Conclusions and future perspective

* Local flexibility markets seem to be the most attractive framework for utilizing flexibility at the
distribution level in power systems similar to the Danish

* Defining proper flexibility services is crucial
* Services relying on baselines are not suitable
* Demand side flexibility is not DSO-exclusive

* Tools are needed to integrate flexibility services in operation and planning of distribution
networks, and turn them into viable alternatives to grid expansion
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THANK YOU!

Further reading: J. Ostergaard et al., "Energy Security Through Demand-Side Flexibility: The Case of Denmark",
in IEEE Power and Energy Magazine, vol. 19, no. 2, pp. 46-55, March-April 2021, doi: 10.1109/MPE.2020.3043615.




