HX|HX

S S =EMNZH [:l-_
HX|2t 3ot SHOZ SO{AL

or ezl ol
duka Aedx Bt 28z of
Bl WstiA






CONTENTS

HIOEE THYOILIX| itnt SHARH0| et 2ogMe| Hatuky

o QIAE
AP 23] 71307 EEYRAD] QAL vvrererrerei s i
olo]x]- j}g 7] 74 ]—E—%-‘H%ﬂ __‘['L\?_]Q]@ Z_]-A} .............................................................. iii
_?,]}\.E_ -_‘[ILQ 7] T] ]‘%%%%ﬂ 1:1%011{]_?_% Z_]_'/\]' ....................................................... v
« A
« G033 Tpdofu x| it
%_]I:]— —6;15\_1;:1_ Tilde Hellsten —ZE{-XJ- (1%—]_]_1:1}5_0“1;] x] ;‘(6] %ﬁ]ﬁggﬂ'}{ﬂﬁ) .................................. 1
+ HIOEE0IA THEOILIX] WRZI0| S7HSHH HEAAR U S24H0) 2y SO
HAUS 01| Ha=TR
%E]"?‘_{\. -?—]_E] Klaus Winter .]_:’]_/\]-Xo]' (011]"]]—12—7]];1 /\] Lg__oglf‘_) .................................. 15
. ZPE
AQGY 25 (Fojdish AA71gR)
. E=E
:g:%; ﬂ%\_ (/\1% ?:._—1]-51_ f_ﬁomé_—}%) .............................................................................. 23
0] 94 EBX (YA AR ALY EFAZTATLEE) o, 27

ol)t

_4

o I (AAF AEASEAT






AN F3lol2 ‘I

hgstu7t. 3] 7139)7] EdAY] A AU

ginta Aol A ¥} S8 2o tigt BAgRe] Wslabyd HYEESE 7 niis)al
3] 71EV1EEAYE] Y, F dviagiag, ouAHNEEHS BlFE BE AR}
ol HEA A XS =Yt

L 7199717} Al wheh stagEat Aol A] gl tigt AlE]A Hilo] E& AR
FsUTh AH= A 20209 10€ 2050 A FH'E AAz ojo, A 3¥ Algd
retasy71Ey o wet REAEE 7 ZERE vlEgsych

U] 2A7IA BiEY 87%7} olUA] AvlgollA WAgstal Qe T ©AFE A
ol APl A =] A} = F4E7HE%H A JYet

T U] AU A] Bl EA) 8%el® HX|A] EFUh. OECD =7t & X[oH]
FEAYTH

AR Z&} AR AP R]9] HEFFAI glutT9] -9 HA| WAuF F AR BHlE-
oF 70%el SUT 1831 2030971A] HARR|A AR HlF 100% D HHE Skl
UFYTh

ol Agelixe] £4

o
= =
X

gl
filo

o

Do ] IoE AAY 74, 19T ABedRe] e
wekeh WelRolzh QIgly] TR E5t 3% Helo] So & 4 LS HAXAY 52

FESI] FAlR SARE UAE Hasp] HY weol U] PRI,



Q=5 EEIE W= AouA] dRat Ao U] EAF S0 W ALY 9 &Y
Ao]BA} Zo] Ho] ojm7] Walgix] AmHKEY] 95 ulEsdSUL 0L B2 £35
golgo] AlgS vpgos o@uele] 5849 MU Loulole uldsls A7|7F e

71Ut A ELL 7| S-S SER Y Ao mA HASHI} AR EdiEhe Al
A @2 sl o] Aol A siFAl Be 5 A A4S vshlsyoh AARY

202349 59 262
asjoe A A A
G LS B RO



20IXt ==l0/H

ofel®, WiRIgUT

3] 715971589198 1ol 7hA} ol 8o Igy et

T3] 7159715 EAUS VL FodnATAY 3 oA AR T FEoR FHsH:
At APoII 4| Bt Sz ek BAPg ) wslaby EES1E Y 5 QA Ho]
WS =2 Az

sl gk dad dAniaclu A S, Sehes giE ou2s1d RARd T S
Ae)S WA A 71559 J94YS HIES AT 1R, 59 919 ofsieat A9e
WECEOI AAA7I ), $5E BT AR, o194 BAHAU R AA AT,
B3 AR AUAFRA) 5 1AL SR AT} oJHEAE B 7] Qg
=gyt

A7 2030 NDC 247+ 2050 $4%d A9, 27 oy okn
AAEe] Bayo) SHEL Qs AHUYL

E3H EUS 3 A7 AU A) Aol F3 4 Qirke 2w ofd) eyt F
5 AROIUA A9 AEHoE RS HEE Sk b ARUUL Sl
AU e 27] Tl 9ot AHS okt Aofe] ket Aol A S Zjoket
Zelo] Brigch

oA = ofqx] 9

Ay



L5 EEIoA= AgeIUA] A=l dmt=e] AgedA] it 9 =
A|AH O] YRS AuH T 2o R A QP A
o] NEZ AAFT A= Ao =} oUAFH A AT A& 7heet AR RS
g & VIE 7IHEUH. 25 ESI0M U2 ILAS0] FF Il Ao
J

20234 54 264

2sjolg 9 o 2
(&3] 7139712893 FRlE 7HA)

IV LI}



kst uzt?

=3] 7|71 58 91H3] HEONFE TS B Qe AlF AAEA] 2394 gyt

=3] 7|27 5891489} gt iR, oAz Hat S (dnt=o] AAgof R Ao

£ E8A0] B W3l ERIDE /NS =Hof wie 1A A7

dgtl=a} vt = 7F 5287 A9 Ak sl A GAoA FARFAL ALl A S
3 Qv giAbd, vk AR S 2sFAI7] Hol =315 Fols4l drt IAE
Quto Ay SAFEAE 3 S2ReA 9 vt oHE7U A AR GFE FARE
9, St

HIEA ofFo|e EED|9] g Wolsdl Foufety HAP7Z|FeHE AFE wsd
EEAE Fofoiil A2tisty EHed 535 1, oUABAATY o5 BHAN,
AR R WSS AT 2o A=Y

diota= 2 depAlg] A 3047 219 ofj|A] ke 7P A o= ZggshE AAEoUA]
AR=JY .

QvAE 1995W7HAIRE stefete S AR oA HlFo] 96%0l ST 1=vt AR
NUAR oA S FHS o] At ATt 20209 71 AAPolHA] WHH]|Fo] 81.6%C
goh= AR A] 7ol EHUFH T

dvt=E 2050990 MRS ARSSHA] Alths =71 HIdstol A A e FARet
ol Fssh Ao A HAE FH(first-mover)®] YAE FL5] skal UFHTH



ol W] Al ek oA A Ao B AAES FU
A A7l A o2EE o] Be Ao FAMHS LI AR WAH|go]

20229 Bt 19.1%= Hel=o] 7MF Aol A A5y

Tt A 40 o] B 2348 o] 9% AR Aol X] Bae Ak ZeAof
Wajo] el WlEst AdsiRt 1328)] FRth SES o olgA: wied wdw
Aol o ML WA nsis AdE Lu4lo] 2 ZeFole] gelow XEHw
eSS

9% o] A2olA] FLUA vlFo] AA| Wae] R AXshe dntAe] Ao A
A B 27t 57 7k

Lok} wo] ATRE I, thetel=t o X[ Hof w2
Y}
AR

20234 54 26¢

sy 9 4 2
(2] 71591509198 HEojulEg 7k

Vill



di0p3 XHHoLX] 2ig

gt} AAH Tilde Hellsten =%
(dutzo| 217 A HANE)







LR 1. HI0pE HEOLIX| SR

Status of Renewable
Energy in Denmark

26t May 2023
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ONSHORE RENEWABLE ENERGY TARGETS

Latest Energy Agreement, 25 June 2022
* Quadrupling of the of onshore wind and solar PV by 2030

* The Danish state will designate larger areas for "Energy Parks” onshore as a
supplement to the planning for renewables executed by the municipalities

* The Danish State will start screening for 10-15 locations onshore for more
renewables

* Strong local acceptance from residents and municipalities is critical for the
expansion of four times more renewables onshore
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* 1991: First Danish offshore wind farm
Vindeby (5 MW)

+ 2023: ~ 2.3 GW offshore capacity
+ 2030: ~ 9 GW installed capacity
+ 2050: ~ 35 GW installed capacity

Tender out 9 GW to be constructed by
2030.

< e Danish Energy
Agency
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. OVERPLANTING OF OFFSHORE WIND

Maritime Spatial Planning

Screening the Danish waters for suitable sites for offshore wind to be tendered.

Overplanting

* Higher capacity in each area with more/larger turbines.
Downside: creates wake effects.

* Permission to install a higher capacity within an area than what

can be connected to the grid in the first place. Excess power =
can be used for PtX via a direct line rather than through the grid. =
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Power-to-X and Offshore Wind

Power generated by offshore wind can be used for PtX and hereby contribute to
the green transition of heavy transport and air traffic.
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. CO-EXISTENCE

Existing procedures still valid when overplanting
Before tender:

Strategic Environmental Assessment (SEA)

Before establishment of the wind farm:

* The concession winner must carry out Environmental Impact Assessment

+ Dialogue with the fishermen as part of screening of the seabed for suitable sites for offshore

* The concession winner must pay compensation to the fishermen.

4% @ Danish Energy
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. TENDER EVALUATION CRITERIA

Different approaches
Price plus
Price threshold
values

Simple
Fast
Objective

Fast
Objective

Qualitative
evaluation

Innovative
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Internal and external transmission lines and the year of commission
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Thank you
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CURTAILMENT - THE
DANISH CASE

May 2023

Klaus Winther, Vice President, System Operation, Energinet
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ENERGINET ENERGINET

HIGH LEVEL OF SECURITY OF SUPPLY TOWARDS
100% G REEN ELECTR'C'TY Energy island location, OSW and

connections only illustrative

historic forecast

Outage

DSO, outage minutes EEMTSO, outage minutes —====TWh, VRE

— ELECTRICITY TRANSMISSION GRID

Source: Energinet security of supply report, 2021. Danish Energy Agency: Monthly
GAS TRANSMISSION GRID

energy statistics and Assumpttions for Energinet, 202
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CURTAILMENT OF
WIND AND SOLAR

Forced curtailment of wind and solar: < 1% of VRE production
By law ENERGINET is today obliged to:

*  Compensation of curtailment of connected production if
unplanned grid congestions

Connect new production in reasonable time —and
compensation if connection not ready as agreed.

Curtailment compensation is based on market price and
forecasted production

Technology neutral regulation based on EU network codes

ENERGINET actions to reduce curtailment and costs:

Pro-active grid planning —also with distribution grid operators
(DSO)

Optimize utillisation of grid with digitilization and forecasts

Use of market based tools to curtail lowest cost units and
reduce administrative costs

LR 2. HOEF0IM IHYHUR|] 2H0| S7totH HHAAH X SN0 24 59 F

Pct. of Consumption covered
by Inverter-based Generation

(Capacity)

‘ <100%
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HISTORIC DEVELOPMENT

Before 2008: Renewable electricity is prioritized production (EU
regulation) and balanced by TSO. Full compensation if curtailed.

2008: new and existing wind and solar own balancing responsibility
and introduction of negative electricity prices. VRE production
voluntarily reduced, when negative prices are below premium
(subsidy).

2010: As part of tender conditions, Anholt offshore wind park (400
MW) obliged to curtail without compensation if prices below zero.
For existing offshore wind parks no restrictions.

2012: wind participate in energy balancing market with voluntary
down regulation

201x: Cooperation with DSO (<110 kv) on grid congestion planning,
as VRE build out in DSO area can also influence Transmission grid.

2020: first wind turbine installed without subsidies and incentive to
stop production when electricity price below zero

2021: updated rules for compensation from curtailment for non-firm
connected wind turbines and use of market based downregulation
(cheapest unit from energy balancing market will be down
regulated)

2021: Development of public capacity map with DSO to incentivize
investment where, there is excess grid caapcity (reduce future need
for curtailment)

2022: geographical differences in connection costs and production
tarifs to incentivize location with high demand and low VRE
production
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CURRENT AND FUTURE ACTIONS TO REDUCE NEED
FOR NEW GRID AND CURTAILMENT TO ACCELERATE
AFFORDABLE GREEN TRANSITION

Construction Solutions:

*  Direct lines — relevant for offshore wind and elelctrolyzers
*  Pooling of projects to etablish new substations

*  Temporary masts and direct connection

Planning solutions

* Technology neutral grid planning — seperate identification of needs with
solutions

¢+ Electricity price and solar/wind/storage/hydrogen optimized hybrid grid
connections

*  Market dialogue on expected new investments in solar and wind
* Digitilization of connection process for improved transparency
Market solutions:

*  Tariff reform to give location signal and reflect on actual costs for
connection

*  Local flexibility markets for congestion handling

*  Storage based on technology neutral market incentives
Operational solutions

*  Forecast based dynamic line rating

*  Newdigital tools in control center for improved real time information and
forecasts
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COMPENSATION PROCES FOR
FOR CURTAILMENT GRID CONNECTION

Connection agreement Connection agreement ‘
with full grid access* with limitations in grid
access** : :

Connection delayed Compensation, spot price  Compensation, spot price
for expected production for expected production

Planned outage Compensation, spot price No compensation
for expected production

Non planned outage Compensation, down No compensation
regulation price for
expected production***

(NOILYZI9YINT) NOT
(NOILYHTHO TYNIHD NI

Less than 1% of wind production are curtailed annually due to to grid congestions
*in offshore wind tenders always full grid access. Not possible to choose limited
grid access.

**investor can choose limited grid access for faster connection and with risk of
curtailment.

***down regulation price is normally lower than spot price. From 2022
curtailment will be based on lowest costs bids in energy balancing market.
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ENERGINET RECOMMENDATIONS
TO REDUCE CURTAILMENT AND
COSTS FOR FAIR VRE INTEGRATION

Transparency in curtailment compensation and
expected volume important for investors to develop
projects and business case

Optimize use of existing grid with operational
solutions —incl. digitilization for real-time operation

Dialogue with stakeholders on location and
connection solutions to reduce future need for
curtailment

Use of market solutions to reduce costs for
curtailment and efficient administration

Adapt tariff, grid planning and connection
regulation to reflect future energy system needs
and technology neutral solutions
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